§ 4b. 116

§ 4b.116  Take-off path.

The take-off path shall be considered
to consist of the following five consec-
utive elements:

(a) The distance reguired to acceler-
ate the airplane to the speed V. assum-
ing the critical engine it fall at the
speed V,.

(b) The horizontal distance traversed
and the height attained by the airplane
in the time required to retract the land-

ing gear when operaiing at the speed

v, with:

(1) The critical engine inoperative, its

propeller:

(1) Windmilling with the
control in a position normaily used dur-
ing take-off until (f applicable) its ro-

tation has been stopped (see paragraph

(¢) (1) of this section),

(1) If applicable, stopped for the re-

mainder of the gear retraction time.

(2) The landing gear extended.

(¢) If applicable, the horizontal dis-
tance traversed and the height attained
by the airplane in the time elapsed irom

the end of clement (b) urniil the rota-

tion of the inoperative propeller has been
stopped when:

(1) The operation of stopping the pro-
peller is initiated not earlier than the
instant the airplane has attained a total
height of 50.feet above the take-off
surface,

(2) The airpitane speed is equal to V.,

(3) The landing gear is retracted,

(4) The inoperative propelier 1s wind-

milling with the propeller conirol in a
position normally used during iake-oil.

(d) The horizontal distance traversed
and the height attained by the airplane
in the time elapsed from the end of ¢le-
ment (¢) until the time’limit on the use
of take-off power is reached, while op-
erating at the speed V., with:

(1) The inoperative propeller stopped,

(2) The landing gear retracted.

(e} The slope of the flight path fol-
lowed by the airplane ir. the configura-
tion of element -(d), but drawing noi

more than maximum continuous power -

on the gperating engineds).

propeller..
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& 4b.116~1 Approval of autematic pro-
peller feathering installatjions for use
in establishing the take-ofl path
(FAA policies which apply 1o
§ 4b.116).

The take-off path may be meodified by
permitting a feathered propeller instead
of windmilling after the necessary time
interval has elapsed from the instant of
engine failure to complete feathering of
the propeller, If it ean be shown that
the net work produced by the feathering
propeller from the instant of engine fail-
ure to completion of feathering under all
types of engine failure is positive using
a datum based on feathered propeller
drag, then it is permissible o assume
that the propeller of the failed engine
is in the feathered drag condition {from
the instant of attainment of the take-off
climb speed V2 (See §§ 4b.10-2. 40,4011,
and 4h.700-1)

[Supp. 23, 18 F. R. 1818, Apr. 2, 1054}

§ 4b.116-2 Dciermination of the 1ake.
off path (FAA policies which apply
cto § 4b.110).

() Recommended procedure. The
recommetlded procedure for obtaining
the. take-off path is to determine the
ground and climb portions separately and
piece the corrected data together. The
take-off flight path should be demon-
strated in accordance with the following
provisions:

(1) Three accelerations should be
made during which the airplane is accel-
erated from a complete stop using all
engines to'speeds bracketing speed V: at
which speed the critical engine fuel mix.
ture is cut and the acceleration contin-
ued to speed V: with the inoperative
engine propeller windmilling! in the
take-off pitch setting. If V, is less than
V., & take-off should be made on cne of

tie above runs when the critical engine

is failed at the iowest V, speed.

(2} The take-ofl flap setting should be
maintained throughout the take-off
flight path. If more than one flap set-
ting is to be used for take-off, additional
tests should be included to cover the
flap range (see § 4b.118-1 (d) ().

TWhen & satisfactory fully automatic pro-
peller feathering device is installed on the
airplane, advantage of such a device may he
used In showing compliance with this sec-
tion, BSee §4b,116-1 for policies covering au-
tomatic propeller feathering systems.
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(3) See §4b.115-1 (a) (4 for instru-
mentation requirements.

(4) A special tolerance of not greater
than =2 percent of the maximum take-
off weight is allowable for the ground
portion of the accelerate distance.

{(b) General test program—(1) Accel-
eruie to teke-off safely speed, V. § 4b.116
(a)—(i> Configuration. These tests
should be conducted in the configuration
that follows:

Welght—Maximum take-off and one lower,

C. G. positlon—Most forward.

Wing flaps—Take-off position.

Landing gear—Extended.

Operating englne(s)—Take-off rpm  and
manifold pressure, cowl flaps ln take-off
position (see § 4b.118-1 (d) (1}).

Critical Inoperative engine—Fuel mixture
cut on engine most eritical performance-
wise (see §4b.118-1 (e) (2)), propeller
windmilling in take-off piteh (feathered if
automatic feathering device is installed)
amdd cowl flaps In take-off positlion (see
§4b.118-1 (d) (1)),

(iiy Test procedure and required data.
The airplane should ke accelerated from
a complete stop {o the ¥, speed with all
engines operating. The critical engine
fuel mixture should be cut at the V, speed
and the acceleration should he contin-
uved until ¥V, speed is reached with the
propeller of the inoperative engine wind-
milling in the take-off pitch. The air-
plane’s path relative to the runway
should be recorded against time in a
manner to determine the horizontal dis-
tance-time history. In addition the fol-
lowing data should be recorded:

Pressure altitude.

Amblent air temperature.

Alrplane gross welght.

Rpmi.

Manifold pressure,

Torgue pressure.

Mixture sotting.

Cowl flap position.

Wing flap position,

Time, cdistance and speed at engine cut.
Tiine, distance and speed when V, is reached.
slope of [eld.

Direction of run.

In addition, humidity, wind direction and
wind velocity should be recorded adia-
cent to the runway at a height of 6 feet
above the runway surface.

(2) Intlial take-off flight path segment
test, §4b.1i6 (b)—) Configuration.
This test should be conducted in the con-
fieuration that follows:
Weight—Maximum take-off and one lower.
C. G. position—Ontlonal (see §4b.118-1 (¢)

2).

$ 4b.116~2

Wing flaps—Take-off position.

Landing gear—BExtended.

Cperating  englne({sy—Take-off rpm and
manifold pressure or full throttle, mixture
setting for take-off, carburetor alr heat
control at celd and cowl flaps In take-aff
position {see § 4b.118~1 (d) (1)).

Critical inoperative engine—Throttle closed
on engihe most c¢ritical performancewl!se
{see §4b.I118-1 {e) (2)), propeller wind-
milling in take-off pitch, {feathered if
automatic feathering device is installed,
see § 4b.120-1), mixture setting at idle cut-
off and cow! flaps in take-off position (see
§4b.118-1(c) (1)}).

(ii) Test procedure and required data.
The airplane should be climbed at the
take-off safety speed, V.. Sec §4b.118-1
for test procedure and required data in
connection with climb tests.

(3) Second take-off flight path climb
segment test, § 4b.116 (cy—13) Conflyu-
ration. This test should be conducted in
the configuration that follows:

Welght—Maximum take-off and one lower.

C. G. position—QOptional (see § 4b.118-1
(e) (2)).

Wing flaps—=Take-off position.

Landing gear—Retracted.

Operating engine(s)—Take-off rpm and
manifold pressure or full throttle, mixture
setting for takc-off, carburetor air heat
control at cold and cowl faps in take-off
position (see §4b.118~1 (d) (1)}.

Critlcal inoperative engine—Throttle closed
on engine most critlcal performancewise
{(see §4b.118-1 (a) (2)), propeller wind-
milling in take-off pitch (feathered if auto-
matic fecathering device 1s installed, see
§4Db.120-1), mixture setting ot idie cut-off
and cowl flaps In take-off position (see
§4b.11B-1{c) {1}).

(i) Test procedure and required data.
The airplane should ke climbed at the
take-off safety speed, Vi, See §4b.118-1
for lest procedure and required data In
connection with climb tests.

(4) Third take-off flicht path climb
segment test, § 4b116 (d)—1) Config-
uration. This test should be conducted
in the configuration that follows:

Welght—Maximum take-off and one lower.
C.( G 2};(;51tio:1~0ptlonai (see §4b,118-1
[ .

Wing flaps—Take-off position,

Landing gear—Retractled.

Operating engine(s}—Take-off rpm and
manifold pressure or full throttle, mixture
setting for take-off, carburelor air heat
control at cold and cowi Oaps {n take-off
positlon (see § 4b.118-1 (d) (1)),

Critical incperative engine—Throttle closed
on engine most critical performancewise
(see §4b.118-1 (e) (2))., propeller feath-
ered and cowl flaps in minimum drag
posltion,
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§ 4b.117

(i1) Test procedure and required data, '

The airplane should he climbed at the
take-off safety speed, V,. See §4b.118-1
for- test procedure and required data in
connection with climb tests.

(6) Fourth take-off flight path climb
segment test, § 4b.116 (e)—() Config-
uration. This configuration should be
the same 8s for the third take-oft
flight path climb segment except that
maximum continuous power 15 used on
the operating enginecs;.

(ii) Test procedure and required data.
The airplane should be climbed at the
take-off safety speed, V.. See § 4b.118-1
for test procedure and required data in
connection with elimb tests.
|S8upp. 24, 18 F.R. 4462, July 20, 1954, as
amended by Supp. 34, 22 F.R. 6063, Aug. 26,
1657]

§ 4b,117 Temperalure accountahility.

Operating correction factors for take-
off welght and take-off distance shall he
determined to account for temperstures
above and below standard, and when ap-
proved by the Administrator they shall
be included in the Airplane Flight Man-
ual. These factors shall be obtalned as
follows:

(&) Por any specific alrplane type, the
average full temperature’ accountabllity
shall be computed for the range of
welghts of the airplane, altitudes above
sen level, and ambient temperatures re-
quired by the expected operating con-
ditions. Account shall be taken of the
temperature effect on both the serody-
namic characteristics of the alrplane and
on the engine power. 'The full tempera-
ture accountability shall be exXpressed
per degree of temperature in terms of a
welght correction, a take-off distance cor-
rectlon, and a change, If any, in the
critical-engine-failure speed V.

(b) The operating correction factors
for the airplane welght and take-off dis-
tance shall be at least one-half of the
full accountability values. The value of
V, shall be further corrected by the
average smount necessary to assure that
the airplane can stop within the runway
length st the ambient temperature, ex-
cept that the corrected value of V, shall
not be less than & minimum at which the
airpiane can be controlled with the
critical engine inoperative.

§4b.118 Climb; general.

Compliance shall be shown with the
climb requirements of §§ 4b.119 through
4h.121.

Title 14—Aeronavtics and Space

§ 4b.118-1 Test procedures for the de-
termination of climb performance
(FAA npolicies which apply 1o
§ 4b.1183.

The test conditions and methods in
paragraphs (a) through (1) of this sec-
tion assume that the flight test data do
not exhibit excessive scatter in points and
that if such scatter makes the accuracy
of the climb slopes questionable, addi-
tional tests and/or the applicants’ previ-
ous flight test data for the particular
conflguration involved should be avail-
able. The following methods are also
based upon consistent flight test data
that can be properly correlated, and the
use of previous acceptable test and cor-
rection methods. All new tests and cor-
rection methods will be judeged upon
their own merits, Polar curve or other
equivalent methods are acceptable, The
number of climb tests recommended for
each case in paragraphs (a) and (b) of
this section represents a minimum, and
in certaln instances it is possible that
more tests may be necessary.

() For gll take-off path segments,
landing and approach climb. (1) Ifitis
desired to show that the required climb is
met at the highest altitude and heaviest
weight to be certificated, a constant rate
of elimb curve with altitude should be
acceptable. One good climb should be
satisfactory if it is 50 ft./min., or more,
in excess of the required climb at the
highest altitude for which certification
is desired. Three climhbs (af same alti-
tude) should be made if the R/C is less
than 50 £t./min, in excess of the required
climb. (No climb variatlon with weight
or altitude.)

(2) If It is desired to determine the
rate of climb vs. altitude curve:

(1) Por a sea level engine, or the criti~
cal altitude above the maximum altitude
of certification (1o breaks in the curve)
where the altitude range is not in excess
of 8,000 feet, two good climbs at each
welght over the altitude range if weight
spread is in excess of 10 percent but not
less than 4 climbs if only one weight is
used. If the altitude range Is in excess
of 8,660 feet, three climbs at each weight
over the altitude range (6 climbs if
weight ratige is in excess of 10 percent)
should be conduected.

(i) Por installations where a critlcal
altitude Is within the altitude range (one
break in the curve) two climbs on one
slope of the curve should be conducted
at each welght and atf least one climb on
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the other slope (6 climbs for a weight
spread of 10 percent or more). If the
altitude range is in excess of 8,000 feet,
consideration should be given to the
need for a fourth climb at each weight.

(}it) For installations where two breaks
in the R/C curve occur within the certi-
fication range, four climbs at each weight
should be made.

{(b) For all engine enroute, one-engine-
inoperative enroute and two-engineg-
inoperative enroute climbs. (1) The
regulations specify that these climbs
should be determined at all altitudes of
expected use and weight of certification.
Por each weight at least the followlng
climbs should be conducted:

Altitude range SL~8,000 | SL~17,000| 8L~25,000
No breaks in curve (1
[L1005 ;) TR, ‘2 13 3
1 break (2 510p0e8) . ccuwn- +3 4 4
2 breaks 23 510Pe8) - | mmcmamn 4 -5
8 breaks {4 slopes) . ... 5 5

§ But not less than 4 If only 1 welght s used.

(2) When an airplane is approved for
more than one landing flap position, the
ciimb requirements for the eruising and
enroute configurations should be based
upon the stall speed with the maximum
sea level landing flap position for which
the airplane is eligible.

(3) Where seversl climb points are
available at the same test conditions the
average point should be determined by
averaging all consistent points not using
the obviously erratic points (either high
or low).

(c) Weight and C. G. position. (1)
The climb tests should be conducted at
maximum take-off welght for take-off
climbs and at maximum landing weight
for landing climbs. Climbs should also
be made at an optional lower weight for
Eloth the take-off and landing configura-

)48

(2) Climbs may be made gt any C. Q.
rosition except where the applicant
elects to vary the stalling speed with C. G.
position in which case the most critical

C. G. position should be used. (See
§ 4b.112-1 (D
(d)y Airplane configuration. (1) The

cowl flaps should ke set in the required
position prior to conducting climb tests.
The position of the cowl flaps for the
take-off segments should comply with
the provisions of the take-off cooling
tests of § 4b.453.

§ 4b.118-1

(2) If more than one wing flap setting
is to be used for take-off or landing,
additional tests should be included to
cover the flap range (see § 4b.111-1 (b)),

(e) Engine power. (1) The power
should be stabilized prior to conducting
the climb tests. The climbs should be
made at constant power or at constant
throttle setting. Unless lmited by en-
gine temperature, tests should be run
for at least 3 minutes at take-off power,
If limited by temperature, short dura-
tlon tests of approximately 1 minute
duration should be acceptable provided
the stabilized climbing speed is attained
by accelerating from a lower speed.
Where maximum continucus power is
required, climb tests should be of 5 min-
utes duration or not necessarily more
than climbs of 2,000 feet but in any case
not less than 3 minutes, If climb tests
are conducted for shert durations, such
as tske-off climbs which are Imited by
an engine rating of two minutes for
take-off power, consideration should be
given to the necessity of conducting an
adequate number of tests in order to
obtaln resulis which are representative
of the actual performance.

(2) For the one-engine-inoperative
climb tests, it may be assumed that the
critical inoperative engine, performance-
wise, 1s the higher powered outhoard
engine unless there is evidence t{o In-
dicate that another engine is more
critical.

(3) For all climb tests, the power
plant equipment and accessories appro-
priate to the speclfic configuration belng
tested should be in operation. During
each test, a record should be made of
such accessories in operation and of the
particular engire from which power i3
being absorbed.

(f) Climbd speeds. The climib speeds
are to be selected by the applicant, but
should be consistent with the performe
ance and cooling requirements involved,
The air speed should be stabilized prior
to conducting the climb tests.

(g) Position of wings., The alrplane's
wings should be maintained in a level
attitude during all take-off climb tests
with one engine inoperative.

(h) Climbs to be made in free air. All
climbs should be conducted In free alr
(without ground effect).

{1} Data, In addition $o the follow=
ing items, the data necessary to estabe
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§ 4b.119

lish the weight and C. G. position during

the climb tests should be recorded.

Pressure altitude recorded at 15 second inters
vals.

Humldity recorded at 15 second intervals.

Air speed recorded at 15 second Intervals.

Rpm.

Manifold pressure.

Torgue pressure.

Carburetor alr temperature,

Mixture setting.

Throttle setting.

Cowl flap position.

Wing flap position.

Landing gear position. .

[Supp. 24, 19 F. R. 4452, July 20, 1854]
§ 4h.119 Climb: all engines operating.

(a) Cruising configuration. - In, the
cruising configuration the steady rate of
climb in feet per minute at 5,000 feet
shall not be less than 8V, .In addition
the steady rate of climb shall be deter-
mined at any altitude at which the air-
plane is expected to operate and at any
weizht within the range of weights to.be
specified in the airworthiness certificate,
The cruising configuration shall be with:

(1) Landing gear fully retracted, -

(2) Wing flaps in the most favorable
position, KRR

(3) Cowl flaps (or other means of cofn-
trolling the engine cooling) in the posi-
tion which provides adequate cooling in
the hoi-day condition, o

(4) Center of gravity in the most un-
favorable position, S

(5} All engines operating within’ the
maximum continuous power limitations,

" (8) Maximum take-off welght.

(h) Landing configuration. In the
landing configuration the steady rate of
climb in feet per minute shall not be less
than 0.07 Vs, at any altitude within the
range for which landing welght is to be
specified in the certificate, with: -

(1) Landing gear extended, .

(2) Wing flaps in the landing posi-
tion (see §§ 4b, 111 and 4b. 323, .

(3) Cowl flaps in the position nor-
mally vsed in an approach to a landing,

{4) Center of gravity in the most un-
favorable position pertnitted for landing,

{5) All engines operating at the take-
off poweor available at such altitude,

(6} The weight egual to maximum
landing weight Tor that altitude.

(7) A climb speed not in excess of
14 Vs,

115 F. R. 3543, June 8, 1950, as amended by
Amdt. 4b-2, 20 F. R. 5304, July 26, 1855]
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£45.119-1 Determination of all engine
climb (FAA policies which apply 10
§ 4b.119).

(a) Cruising configuration test, § 4b.-
118 (a)—<1) Configuration. This test
should be conducted in the confisuration
that follows:

Welght—Maxtmum take-off and one lower.

C. G. position—Optlonal (sce § 4b.118-1 (c)
(3)}. ‘

Wing flaps—Optional.

Landing gear—Retracted.

Engines—Maximum continuous RPM and

. manifold pressure or full throttle, mixture
setting in normal position, carburetor alr
_heat control cold and cowl flaps in FAA
hot day coollng position.

(2) Test procedure and required datda.
See §4b.118-1 for test procedure and
required data in connection withi climb
tests.

(b} Landing configuration test, § 4b.-
119 (5)Y—(1) Configuration. This test
should be condueted in the configuration
that follows:

Welght—Maximum landing and one lower.

C. G. position—Optional (see § 40.118-1 (c)
2)). )

Wl(né )ﬂaps——-banding posltion.

Landing gear—Extended.

Englnes—Take-off power and manifold pres-
sure or full throtile, mixture setting in

o normal position, carburetor air heat con-
trol cold and ¢owl flaps in approach posi-

. tiom._ .

.- {2y.Test procedures and reguired data.

See § 4b.118-1 for test procedure and re-

quired data in connection with climb

tests.

[Supp. 24, 19 F. R. 4453, July 20, 1954]

§ 4b.120 One-engine-inoperative climb,

(a) Flaps in take-off position; landing
gear extended. The steady rafe of
climb without ground effect shall not be
less than 50 ft./min. at any aliitude
within the range for which take-off
weight is to be specified in the certificate,
with:

(1) Wing flaps in the take-off posilion
(see §§ 4b.111 and 40.323),

(2) Cowl flaps in the posiiion nor-
mally used during take-off,

(3} Center of gravity in the most un-
favorable position permitted for take-oll,

(4 The critical engine inoperative,
its propeller windinilling with the pro-
peller control in a position normally used
durlng take-off,

(5) All other engines operating at the
take-off power available at such altitude,
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¢6) The speed equal to the minimum
t(;%l;:?—ofr safety speed V, (see §4b.114

(T) The weight equal L0 maximum
take-off weight for that altitude,

(8) Landing gear extended.

(L) Flaps in take-off position; landing
gear retraclied. With the landing gear
retracted the steady rate of climb in feet
per minute shall not be less than
0.035 V.’ with all other conditions as
described in paragraph (a) of this
section,

(¢) Flaps in en route position. The
steady rate of climb in feet per minute
al any altifude atf which the airplane is
expected to operate, at any weight within
the range of weights to be specified in
the airworthiness certificate, shall he de_
termined and shall, at a standard alti-
tude of 5,000 feet and at the maximum
take-off weight, be at least

0.08
(006_ N )V"Oz’
where M is the number of engines ine
stalled, with:

(1) The landing gear retracted,

(2) Wing flaps in the most favorable
position,

(3_) Cowl! flaps or other means of con-
trolling the engine cooling air supply in
the _bosition which provides adequate
coolintg in the hot-day condition,

(4) Center of gravity in the most un-
favorable position,

(5) The critical engine inoperative, its
propeller stopped,

(6) All remaining engines operating
at tite maximum continuous power avall-
able at the altitude,

(d) Flaps in approach position. The
steady rate of climb in feet per minute
shali not be less than 0.04 Vs, at any
altitudg: within the range for which land-
Ing weight is to be specified in the cer-
tificate, with:

(1) The landing gear retracted,

(2) Wing flaps set in position such
that Vs, does not exceed 1.10 Vs,

(3> qul flaps in the position normally
used during an approach to a landing,

(4) Center of gravity in the most un-
favorable position permitted for landing,

(§) The critical engine inoperative, its
propeller stopped,

(6> All remaining engines operating

at the take-off power available at such
altitude,

§ 4b.120-2

(‘7} The weight equal to the maximum
landing weight for that altitude.

(8) A climb speed not in excess of
15 Vs,
[15 F. R. 8543, June 8, 1950, as amended by

Amdt. 4b-6, 17 F. R. 1089, Feb. 5, 1952; Amdt,.
4b-2, 20 F. R. 5304, July 26, 1955]

§ 4b.120-1 Approval of automatic pro-
peiler feathering tnstallations for use
in establishing flaps in take-off po-
sition climbh (FAA policies which
apply to § 4b.120 (a) and (b)).

The propeller of the inoperative engine
may be in the feathered condition during
either or both of the landing gear ex-
tended or retracted eonditions if:

(a} The propeller would be completely
feathered at the beginning of these seg-
ments of the take-off flight path, or

(b) It can be shown that the network
produced by the feathering propeler
during the segment is positive using a.
datum based on feathered propelier grag.
(See §§ 4h.10-2, 4b.401-1, and 4b.700~1.)
|Supp. 23, 19 F. R. 1818, Apr, 2, 1854]

§ 4b.120-2 Determination of one en
gine inoperative climb (FAA policies
which apply to § 41.120).

(a) Flaps in take-off position,; landing
gear extended, § 40.120(g). Policies out-
lined in § 40.116-2(0b) (2) will apply.

(b) Flaps in take-off position; landing
gear retracted, §4b.120 (b). Policies
outlined in § 4%.116-2 (b) (3) will apply.

(¢) Flapsin en route position, § 4b.120
(e)=—(1) Configuration, This test shouwld
be conducted in the conflguration that
follows:

Welght—Maximum take-off and one Jower.
C.(g). )posltlon—-OptIDnal (see §4b.1i8-1 (c)
‘Wing flaps—Qptional.

Landing gear—Retracted,

Operating engine(s) —Maximum continuous
rpm and manifold pressure or full thryottle,
mixture setting at normal position, carbu-
reter air heat control at cold and cowi flaps
in FAA hot day cooling position.

Critical inoptrative englne—throttle closed
on englne most critical performancewise
(see § 4b.118-1 (ey (2) ), propeller feathered:
and cowl flaps in minlmum drag position.

(2) Test procedure and required data.
The airplane should be climhed at the
en route climb speed. See § 41.118-1 for
test procedure and required data in con-
nhection with climb tests.

(d) Flaps in approach position
§ 40,120 (d)—(1) Conflguration. This

307



§ 4b.121

test should be conducted in the config-
uration that follows:

Welght—Maximum landing and one lower,

. G, positlon—Optional (see § 4b.118-1 (b}
(2)).

Wing fiaps—Approach position (¥, 1 must not
exceed 1.10 V).

Landing gear—Retractad.

Operating engine(s)—~Take-off rpm and
manifold pressure or full throttle, mixture
setting at normal position, carburetor alr
beat control at cold and cowl flaps in
approeach position,

Critical lnoperative engine—Throttle closed
on engine most critical performancewise
(see § 4b.118-1 (e) (2)), propeller feath-
ered and towl flaps posltion optional.

(2) ‘Test procedure and required data.
The alrplane should be climbed at the
approach climb speed., See §4b.118-1
for test procedure and required data in
connection with climb tests.

[Supp. 24, 19 FR. 4463, July 20, 1964]

§ 4b.12]1 Two-engine-inoperative climb.

For airplanes with four or more en-
gines, the steady rate of climb at any
altitude at which the airplane Is expected
to operate, and at any weight within the
range of weights to be specified in the
Alrplane Flight Manual, shall be de-
termined with:

(a) The landing gear refracted, -

(b) Wing fiaps In the most favorable
position,

(¢) Cowl flaps or other means of con-
trolling the engine cocling air supply in
the position which will provide adequate
cocling in the hot-day condition,

{(d) Center of gravily in the most
unfavorable position,

(e) The two critical engines on one
side of the airplane inoperative and their
propellers stopped,

(f) All remaining engines operating at
the maximum continuous power avall-
gble at that altitude,

§ 4b.121~1 Determination of two en-
gine inoperative climb (FAA policies
which apply to § 4b.121}.

(3) Configuration. This test should
be conducted in the configuration that
tollows:

Welght—Two optlonal weights,

0. Q. positlon—Optional {see § 4b.118-1

(c) (2)).

Wing flaps—Optlonal.

Landing gear—Retracted.
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QOperating engines—Maximum continuous
rpm and manifcid pressure or full throttles,
mixture setting at nortnal positlon, car=
buretor air heat control at cold and ¢owl
flaps in FAA hot day cooling posltion.

Critieal inoperative engines—Throtitles cliosed
on outboard englne most critical perform-
ancewise (see § 4h.118-1 (e) (2)), and on
adjacent engine, propellers feathered and
¢owl flaps in minimum drag position,

(h) Test proceditre and required data.
See § 4b.118-1 for test procedure and re-
quired data in connection with climb
tests.

[Supp. 24, 19 P. R. 4454, July 20, 1964])

§ 4b.122 Determination of the landing
distance; general.

The horizontal distance required to
land and toc come to a complete stop
{to a speed of approximately 3 m.p.h.
for seaplanes or float planes) from a
point at a height of 50 feet above the
landing surface shall be determined for
a range of weights and altitudes selected
by the applicant. In making this de-
termination the fellowing conditions
shall apply:

(g} A steady gliding approach shall
have been maintalned down to the 50-
foot sltitude with a calibrated air speed
of not less than 1.3 Vs,

(b} The nose of the alrplane shall not
be depressed, nor the forward thrust in-
ereased by appleation of power after
reaching the 50-foot altitude.

(¢} At all times during and immedi-
ately prior to the landing, the flaps shall
be In the landing position, except that
after the airplane is on the landing sur-

- face and the calibrated air speed has

been reduced to not more than 09
Vi, the flap position may be changed.

(d) The landing shall be made in such
manner that there 1s no excessive vertical
acceleration, no tendency to bounce, nose
aver, ground loop, porpoise, or water loop,
and in such manner that its reproduction
shal] not require any exceptional degree
of skill on the part of the pillot, or eXcep-
tionglly favorable conditions.

§ 41.122-1 Downwind landings (FAA
policies which apply 1o § 4b.122).

Downwind landing data will be ap-
proved on the following basis to provide
for situations where geographic locations
and terrain indicate they are degirable,
as well as for use with ILS:

{a) Performance. In determining the
required distances for landing down-
wind, the data should he substantiated
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by actual fiight tests. The general meth-
ods and procedures should be comparable
to those for substantiating landing dis-
tances in ne wind. The fight tests
should ke conducted in tailwind veloci-
ties up to the maximum velocity for
which approval is desired except that
the performance tests may be simulated
in zero wind as outlined helow:

(1) Landings should be demonstrated
by approaching and contacting at speeds
corresponding to the zero wind speed
plus 150 percent of the tailwind velocity
for which approval is desired.

(2) In determining the downwind
landing distances for the Airplane Flight
Manual data, 150 percent of the effect of
the reported tailwindg velocity should be
taken into account. (See § 4b.740-1 (d)
(2} (x).) Thismay, in some cases, per-
mit calculating the required distances
without further tests providing suffi-
ciently high speed landings and decelera-
tions were made in the original type tests,
However, except in the cases outlined in
paragraph (d> of this section, actual
landings should be made under the con-
ditions described in. paragraph (h) of
this section to check the flight and
ground handiing characteristics.

(b) Controllability. Landings should
be made in steady downwind velocities
equal to 1.5 times the maximum velocity
for which approval is desired to check
the controllability at the higher ground
speed with correspondingly reduced aero-
dynamic contrel forces, dynamic balance
of landing gear, nose gear shimmy or
vibration, ete. Also actual approaches
should be demonstrated under the above
wind. conditions at an approach angle
corresponding to the maximum ILS
beam angle (3° 18‘) to determine the
minimum altitude on the glide path from
which the airpiane can be readiiy flared
for landing.

(¢) Brakes. At present it Is believed
that for caleculated landing distance
based on actual airplane deceleration
tests, the existing brake capacity require-
ments are suflicient to cover landings in
downwind velocities of 10 m. p, h. meas-
ured at 50 feet. However, in wind ve-
locities above 10 m. p. h. and in unusual
cases or special types of operation, addi-
tional tests or substantiation of the ada-
quacy of the brakes may be necessary
and a revision to the braking system
may be required. In determining the
landing distances under paragraph (a)
of this section, normal braking as out-

§ 4b.123

lined In § 40.123 “Landplanes” should not
be exceeded.

(d)} Tolerances. (1) With regard to
performance tests outlined in paragraph
(a) of this section, approval will he given
for calculated landing distances for re-
ported tailwind velocities up to 10 mph.
measured at 50 feet height without cam-
era tests additional to those required for
approval of the no wind data.

(2) With regard to controllability tests
putlined in paragraph (b) of this section,
approval will be given for reported down-
wind velocities up to 10 mph. measured
at 50 feet without additional flight tests.
[Supp. 23, 19 F. R. 1818, Apr. 2, 1954, as
amended by Supp. 25, 20 F. R. 2277, Apr. 8,
18556]

§ 41b.122-2 Determination of the land-
ing distances (FAA policies which
apply to § 4b.122).

(a) When a particular airplane can-
not comply with that part of § 4b.122(d>
regarding exceptional degree of skill on
the part of the pilot in landing from
the 50-foot height with power off, com-
pliance with the regulation should be
shown by applying sufficient power dur~
ing the approach to permit satisfactory
ianding.

(b) In the tests required by §8§ 4b.123
through 4b.124 generally one set of data
at one altitude should be sufficient to
determine the landing distances for al-
titudes from sea level to 8,000 feet. If a
greater range of airport altitudes is de-
sired, the tests should be conducted at
two or more altitudes.

[Supp. 28, 19 P, R. 4464, July 20, 1954

845.122-3 Reverse thrust used in de-
termination of landing distance
(FAA policies which apply to
§ 4b.122).

The policies outlined In § 4b.402-1(1)
will apply.

[Bupp. 256, 20 F. R. 2477, Apr, 8, 1955]

84h.122-4 PDetermination of the land-
ing distance with an antiskid device
installed (FAA policics which apply
to § 4b.122),

The policies outlined In § 4h.337-4 will
apply.
{Supp. 28, 21 F. R, 2358, Apr. 19, 1956}

545.123 Landplanes.

The landing distance referred to In
$ 4b.122 shall be determined on a dry.
hard-surfaced runway in accordance
with the following:
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§ 4b.123-1

(a) The operating pressures on the
braking system shall not be in excess of
thase approved by the manufacturer of
the brakes,

ib) The brakes shall not be used in
such manner as to produce excessive
wear of brakes or tires,

(¢} Means other than wheel brakes
may be used in determining the landing
distaxce:; Provided, That:

(1) Exceptional skill is not required to
control vhe airpiane,

(2) The manner of their employment
is such that consistent results could be
expected under normal service, and

(3) They are regarded as reliable.

§ 4b.223-1 ¥xcessive wear of brakes or
tircs (FAA interpretstion which ap-
plies 1o § 4b.123(b)).

“Excessive wear” is interpreted as
skidding of a tire or excessive heating
of the brakes which reguires replace-
ment during a series of five official test
landings.

{Supp. 24, 18 F. R, 4454, July 20, 1954}

§ 4b.123-2 Determination of the land-
ing distances (lundplanes) (FAA
policies which apply to § 4b.123).

(a) Landing tests. The landing tests
should be demonstrated in accordance
with the following provisions: e

(1) Landings shiould be made over an
imaginary 50-foot obstacle at the maxi-~
mum landing weight and at & lower
weight at one altitude,

{2) During the landing demonstra-
tions, the glide path should be estab-
lished by the pilot as set forth in § 4b.122.
The forward thrust should not be in-
creased beyend the 50-foot obstacle. The
ground roll should lie as close to a recti-
linear path as possible including the
airplane stop point. During each dem-
onstration landing, the airplane should
be brought to a complete stop.

(3> Imnstrumentaiion: (i) Instrumen-
tation should include a means to record
the airplane’s glide path relative to the
ground and the ground roll against time
In a manner to determine the horizontal
and vertical distance-time histories.

(i1) A means should be provided to
measure the wind veloeity and direction,
bPressure altitude, and ambient, air tem-
perature. The wind measurement should
be made at the height of 6 feet above the
runway surface. If wind effect on run-
way lengths is shown in the Airplane

1,000 feet
.reaching an altitude of b0 feet.
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Flight Manual (see §4b.740-1 (d) ()
(x)}, the manual data should be hased
on reported wind velocities for a 50-foat
tower height. Figure 2 should be used to
calculate the wind velocity at the 50-
foot height from the wind velocity meas-
ured at 6 feet ahove the runway surfagce,

(iii) The ground rol] distance from
contact to full stop should be established
by observers if it is difficulf to establish
the exact contact point by graphical
means.

(4) A special tolerance of not greater
than =2 percent of the maximum land-
ing weight is allowable for the landing
distance tests.

(b) Configuration, The landing tests

‘should be demonstrated in the confizu-

ration that follows:

Welght-—>Maximum landing and one lower,

C. G. position~—Most forward for hruked
landings.

Wing Daps—Landing positlon.

Land ng gear—Extended.

(¢} Test procedure and required dafa,
(1) Three landings should be conducied
at each weight with the airplune sta-
bilized in a glide at & callbrated air speed
of not less than 1.3 V., approximately
{longitudinally) prior to
Tor-
ward thrust should not be increased
beyond the 50-foot obstacle; braking
should” not exceed manufacturer's ap-
proved maximum brake pressure and
should be applied in such a manner
as noy 0 produce excessive wear of
brakes and tires as evidenced by five
measured landings. If more than one
flap setting is to be used for landing,
additional tests should be conducted to
cover the flap range. (Sec §4b.118-
1y @))

{2) The airplane path relative to the
runway should be recorded against time
in a manner to determine the horizontal
and- vertical distance-time history. In
addition, the following data should be
recorded:

Pressure altitude.
Ambient alr temperature,
Alrplane gross weight.
Rpm.

Manifold pressure,

Torgue pressure,
Carburetor alr temperature.
Mixture setting.

Cow] flap position,

Wing flap position,

Slope of field,

Direction of landing run.
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(3) Wind direction and wind velocity
should be recorded adjacent to the run-
way at a height of 6 feet.

[Supp. 24, 19 F.R. 4454, July 20, 1954, as

amended by Supp. 4. 22 F.R. 6963, Aug. 28,

1957]

g 41.123-3 Reverse thrust used in land-
ing distance—landplanes (FAA poli-
cies which apply to § 4b.123(c) ).

The policies outlined in § 41.402-1(1)
will apply.
|Supp. 25, 20 F. R. 2277, Apr. 8, 1966)

% 41234 Procedure in determination
of landing distance with an antiskid
device installed (FAA policies which
apply 1o § 4b.123).

The policics outlined in § 4b.337-4 will
apply.

[Supp. 28, 21 F. R. 2558, Apr. 19, 1556]

§ b, 124 - Seaplanes or float planes.

The landing distalhce referred to in

§ 45122 shall be determined on smootl

watcr

§45.121-1 Determination of the land-
ing distance (scaplanes) (FAA poli-
cies which apply to § 4b.124),

Policies outlined in §§ 4b.i22-2 and

45,123-2 will apply.

[Supp. 24, 19 F. R. 4454, July 20, 1954

§4b. 125

The landing distance referred to in
§ 4b.122 shall be determined on smooth,
dry snow.

8 41.125~-1 Determination of the land-
ing distances (skiplanes) (FAA pol-
cios which apply to § 4b.125).

Policies outlined in §% 40.122-2 and
4b.123-2 will apply.

[Supp. 24, 19 F. R. 4454, July 20, 1964)

Skiplanes.

CONTROLLABILITY

§ 4b.130 Contreilability; general.

{z) 'The airplane shall bc safely con-~
trollable and maneuverable during take-
off, climb level flight, descent, and land-
ing.

%b) It shall be possible to make a
smooth transition from one flight con-
dition te another, including turns and
slips, without reguiring an exceptional
degree of skill, alertness, or strength on
the part of the pilot and without danger
of exceeding the limit load factor under
all conditions of operation probable for
the type, including those conditions
normally encountered in the event of
sudden failure of any engine.

$ 4b.131

(¢) Compliance with the “strength of
pilots™ limits in paragraph (b) of this
section need not be demonstrated unless
the condition is found to he marginal. In
the latter case, they shall not exceed the
following pilot control force limits, ex-
pressed in pounds:

’F Piten | Rell | Yaw
f —
(1) Yor tcmporary applica- ’
11 AU W 50 ‘ 150
(2} For prolocbged apyhicu- |
[ 5T 2 B 16 5 20

Piteh and roll forces shall be measured
as applied to the control wheel.

(d) For the purpose of complying with
the temporary control force limitations
of paragraph (¢} of this section, the air-
plane shall be operated in accordance
with approved operating procedure or
conventional operating practice includ-
ing being as nearly trimmed as possible
at the prior steady flight condition, ex-
cept that in the case of takecff the air-
plane shall be trimmed in accordance
with approved operating procedures.

(e) For the purpcse of complying
with the prolonged control force limita-
tions of paragraph (¢) of this section,
the airplane shall be as nearly trimmed
as possihle.

[15 F.R., 3543, June 8, 1950, as amended by
Amdt. 4b-12, 27 F.R. 2989, Mar. 30, 1962]

§ 4b.130-1 Procedure for demonstrat-
ing controllahility qualities (FAA
policies which apply to § 4b.130).

The general controllability and ma-
neuverahility qualities of the airplane
should be observed and noted through-
out the flight test pregram. The amount
of force required to be exerted on the
controls in conducting such maneuvers

" specified in § 40.130 should also be noted.

[Supp. 24, 19 F, R. 4454, July 20, 1954]

§ 4b.131 Longitudipal control.

{a) It shall be possible at all speeds
between the trim speed prescribed in
§4b.112(c} (1) and Vs, to pitch the nose
downward so that a prompt recovery to
this selected trim speed can be made with
the following combination of airplane
configurations:

(1) The airplane trimmed at the trim
speed prescribed in §4b.112(e) (1),

(2) The landing gear extended,

_ (3) The wing flaps in & retracted, and
in an extended position,
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§ 4b.131-1

(4) Power off, and maximum con-
tinuous power on &8ll englnes.

(b During each of the following con-
trollability demonstrations, s change in
the trim control shall not be required.
In addition, exertfon of more than 5¢
pounds control force, representative of
the maximum temporary force which
can readily be applied by one hand, shall
not be required. Each maneuver shall
be performed with the landing gear ex-
tended.

(1) With power off, flaps retracted,
and the airplane trimmed at 1.4 Vi,
the flaps shall be extended as rapidly
as possible while maintaining the alr
speed approximately 40 percent above
the stalling speed prevailing at any in-
stant throughout the maneuver.

(2) The maneuver of subparagraph
(1) of this paragraph shall be repeated,
except that it shall be started with flaps
extended and the alrplane trimmed at
1.4 V., after which the flaps shall be
retracted as rapidly as possible,

(8) The maneuver of subparagraph
(2) of this paragraph shall be repeated,
except that take-off power shall be used.

(4) With power off, flaps retracted,
and the airplane trimmed at 1.4 Vi,
take-off power shall be applied quickly
while maintaining the saine air speed.

¢5) The maneuver of subparagraph
(4) of this paragraph shall be repeated,
except that the flaps shall be extended,

(6) With power off, flaps extended,
and the airplane trimmed at 1.4 Vs, alr
speeds within the range of 1.1 V, to
1.7 Vs, or to Vpp, whichever of the two
is the lesser, shall be obtained and
maintained.

fc) Iishall be possible without the use

of exceptional piloting skill to prevent
loss of altitude when wing flap retraction
from any bosition is Inltiated during
steady straight level flicht at a speed
equal to 1.1 Vs, with simultaneous appli-
cation of not more than maximum con-
tinuous power, with the landing gear ex-
tended, and with the airplane weight
equal to the maximym sea level landing
weight. (See also § 4b.323.) )
{16 F. R. 3543, June 8, 1950, as amended by
Amdt, 4b-8, 17 F.R., 1089, Feb. 5, 1862; Amds,
4b-11, 24 F.R. 7068, Sept. 1, 1959; Amdt. 4b-
12, 27 F.R. 2989, Mar. 30, 1962]

§ 4b.131~1 Procedure for demonstrat-
ing longitudinal control (FAA poli-
cies which apply to § 4b.131).

The fight tests specified i paragraphs
¢g) through (k) of this section should
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be made in demonstrating compliance
with § 4b.131. These tests may be con-
ducted at an optional altitude (see
§ 4p.100-3(c>). Where applicable, the
following conditions shouwld be msin-
tained on the engines: propellers in low
pltch; throttles—closed except as noted;
cowl flaps—appropriate for the fight
condition.

(a) Longifudinal conirol recovery
§ 40.131(g). The test specified by this
requirement should be demonstrated
with power off and also with maximum
continuous power.

{1) Configuration. Thils test should
be conducted in the configuration that
follows:

(1) Maximum take-off weight, flaps
end [anding gear retracted, C. G. posi-
tion-—most aft.

(1) Maximum Jlanding weight, flaps
extended in the maximum landing posi-
tlon; landing gear extended, C. G. posi-
tion—most aft.

(The flap extended portion of this test
may be combined with tests under parg-
graph (g) of this section.)

(2) Test procedure and required data.
The airplane should be trimmed at the
speed prescribed in §4b.112(c) (1); the
nose should be pitched downward start-
ing from any speed bhetween that
prescribed In §4b.112(e} (1), and V..
The rate of increase in airspeed should be
satisfactory for prompt acceleration to
the {rim speed preseribed in §4b.112
(¢} {1}, The following data should be
recorded;

Weight.

C.G. position.

Wing fap position.

Landing gear position.

Engines, r.p.m. and manlfold pressure.

Pressure altitude.

Amblent alr temperature.

Trim speed.

Lowest speed from which pitch I8 satis-
factory.

Altitude Iost to regain trim speed.

(b) Longitudingl control, flap exten-
sion, §4b.131 () )—) Configura-
Hion. 'This test should ke conducted in
the conflguration that {ollows:
Welght~—Maximum landing.

C. Q. position—Most forward and most aft.
Wing faps—Retracted.

Landing gear-—Extended.

Engines—Power off,

(2) Test procedure and required data.
The airplane should be trimmed st a
speed of 1.4 V,; the flaps should be ex-
tended to the maximum landing posi-
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tion as rapidly as possible. During this
maneuver, it should be possible to con-
trol the airplane with one hand for a
reasonable time without the necessity ot
changing the trim control. The follow-
ing data should be recorded:

Welght.

. G. position.

Wing flap position.

Landing gear positlon.

Engines, rpm and manifold preasure,
Pressure altitude.

Amblent alr temperature.

Trim spead &t 1.4 V.

(¢) Lomgitudinal control, flap retrac-
tion § 4b.131 (b)Y (@)—(1) Configuration.
This test should be conducted in the con-
figuration that follows:

welght—Maximum landing.

¢. G. positlon—Most forward and most aft.
wing flaps—Maximum landing position.
Landing gear--Extended,

Engines-~Power off.

(2) Test procedures and required
date. The airplane should be trimmed
at & speed of 1.4 Va,; the flaps should be
retracted as rapigdly as possible. During
this maneuver, it should be possible to
control the airplane with one hand for
a reasonable time without the necessity
of changing the trim control. The sams
data as are specifled in paragraph (b)
(2} of this section should be recorded.

(d) Longitudinal control, flap retrac~
ton § ¢b.131 (b) ¢(3). The manecuver
shown in paragraph (¢) (2) of this
section should be repeated with take-off
pawer an all engines,

(&) Longitudinal conirol, power appli-
cation, § 4b.131 (&) (4)—(1) Configura-
tion. This test should be conducted in
the configuration that follows:
Welght—Maximum landing.

C, G. position—Most forward and most aft.
Wing flaps—Retracted.

Landing gear—Extended.

Engines—Power ofl.

(2) Test procedure and required data.
The airplane should be frimmed at a
speed of 1.4 Vs ; take-off power should
be applied quickly without changing the
air speed. During this maneuver, it
should be possible to control the airplane
with one hand for a reasonahle time
without the necessity of changing the
trim control. The same dats as are
specified in paragraph (R) (2) of this
section should be recorded.

(fy Longitudinal control, power ap-
plication, § 4b.131 () (5)—Q) Config-

(el —(1)

§ 4b.1314

uration, This test should be conducted
in the configuration that follows:
Welght—Maximum landing.

C. @. pogition—Moet forward and most aft.
Wing flaps—Maximum landing position,
Landing gear—Extended.

Englnes—Power off.

(2) Test procedure and required data.
The airplane should be trimmed at a
speed of 1.4 Ve ; take-off power should
be applied quickly without changing the
air speed. During this maneuver, it
should be possible to control the alrplane
with one hand for a reasonable time
without the necessity of changing the
trim control. The same data as are
specified in paragraph (b) (2) of this
section should be recorded.

{g) Longitudinal coantrol, air speed
variation, § 4b.131 (b)Y (6)—(1) Config-
uration. This test should be conducted
in the configuration that follows:
Welght—Maximum landing,

Q. Q. position—Most torward.

Wing flaps—Maximum landing position.
Landing gear—Extended,
Engines—Power of.

(2) Test procedure and required data.
The airplane should be trimmed at a
speed of 1.4 Vs, and it should be possible
to control the airplane with one hand for
a reasonahble time without the necessity
of changing the trim conirol when

(1) The speed Is reduced to 1.1 Vu,,

(11} The speed Is Increased to 1.7 Vi,
or to the placard flap speed.

In addition to the data specified in (b3
(2) of this section, the recorded data
should alse Include the air speeds at 1.1
Vs and 1.7 Vi, (or Ve whichever is the
lesser).

(h) Longitudinal control, flap retrac-
tion and power application, § 4b.131
Configuration, 'This test
should be conducted In the configuration
that follows:

Welght—Maximum landing.

C. G. position—Most forward and most att.
Wing flaps—Max!mum jandlng poeition.
Landing gear—Extended.

Engines—Power noted.

(2) Test procedure and required data.
The airplane should be maintained in a
steady horizontal fiight at a speed of 1.1
Vs,; the flaps should be retracted from
the maximum landing positlon with
simultaneous application of not more
than maximum coniinuous power,
During this maneuver, it should be pos-
sible to prevent a loss of altitude without
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§ 4b.132

the use of exceptional plloting skill.

The following data should be recorded:

Weight.

-C. G. posltion.

Wing flap position.

Landing gear position.

Engines, rpm and manifold pressure before
and after tests.

Pressure aliltude.

Amblent air temperature.

Alr speed at 1.1 V

[supp. 24, 19 FR 4454, July 20 1954 28
amended by Supp. 42, 24 FR. 7072 Sept. 1,
1959]

§ 4b.132 Dircctional and lateral control

(a) Directional contrcl; general, It
shall be possible, while holding the wings
approximately level, to execute reason-

ably sudden changes in heading'in either
direction without encountering danger-
ous characteristics. Heading changes
up to 15° shall be demonstrated, except
that the heading change at which.the
rudder pedal force is 180 pounds need
not he exceeded. The control shall be
demonstrated at a speed equal to 1.4
Vs, ander the following conditions:

(1) The critical engine inoperative
and its propeller in the minimum drag
position,

(2) Power required for level flight at
1.4 V., bul not greater than maxxmum
continuous power,

(3) Most unfavorable center of grav—
ity position,

(4) Landing gear retracted.

" (5) Wing flaps In the approach posi-
on,

(6} Maximum landing weight.

(a) Directional control; four or more
engines. Airplanes with four or more
engines shall comply with paragraph (a)
of this section, except that:

(1) The two critical engines shall he
inoperative, their propellers in the mml-
mum drag position,

t2) The center of gravity shall be in
the most forward position,

(3) The wing flaps shall be in the most.
favorable climb position,

(¢) Lateral control; gencral. It shall
be possible 0 execute 20° banked turns
with and against the inoperative engine
from steady flight at a speed equal to
14 Vv, with:

(1) The critical engine inoperative
and its propeller in the minimum drag
position,

(2) Maximum continuous power on
the operating engines,

(3) Most unfavorable center of grav-
1ty position,

'8 4b.132~1
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(4} Landing gear retracted and ex-
tended,

18 Wing flaps in the most favarabie
climb position,

(6) Maximum take-off weight,

(d) Lateral control, four or more en-
gines. It shall be possible to execute 20°
panked turns with and against the inop-
erative engines from steady flight at a
speed equal to 1.4 Vs with maximum
continuous power and with the airplane
in the configuration prescribed by para-
graph (b of this section

(e} Lateral control; all engines oper-

ating. Roll response shall be rapid and
of sufficient magnitude to perform nor-
mal maneuvers, such &s recovery from
upsets produced by gusts and the injtia-
tion of evasive maneuvers, In sideslips
up to sideslip angles which mizht be re-
quired in normal operation, sufficient ex-
cess lateral control shall remain to pee-
form a limited amount of maneuvering
and to correct for gusts. Lateral control
shall be sufficient at all speeds up to
Vee/Mrc to provide a peak roll rate ncc-
cssary for safety without reguiring
excessive control forces or excessive con-
trol travel.
{i5 F.R. 3543, June B, 1950, as amended, 15
F.R. 4171, June 29, 1950; Amdt. 4b-8, 23 F.R,
28600, Apr. 18, 1958 Amdt. 4b-12, 27 FR.
2989, Mar. 30, 1962}

Procedure for demonstrat.
ing ‘dircetional and lateral coutrol

(IFAA  policies which apply to
§ 4b.132).
(a) Appropriate instrumentation,

When conducting directional and lateral
control tests, the airplane should contain
appropriate instrumentation in order to
obtain the following data:

(1) Section 40.132 (a) and (b). In-
strumentation to indicate airplane head-
ing angle and rudder force,

(2) Section 4b.132 (¢} and (d). In-
strumentation to measure bank angle.

(b} General test program—(1) Direc-
tional control; general, § 4b.132 (a)—(1)
Configuration. This test should be con-

ducted in the configuration that follows:

Welght—Maximum landing,

C. G..position—Most aft.

Wing flaps—Approach posltion,

Landing gear—Retracted.

Cowl flaps—Appropriste for Alght condition,

Operating engine(s)—Power to maintain
level flight at 14 V, but not more than
maximum continuous power.

Critical inoperative engine—Propeller feath-
ered on engine most critical for control-
lability.
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(i1) Test vrocedure and required dala.
The airplane should ke trimmed as indi-
cated ahove at any optional altitude (see
§ 4b.100-3 (c¢)). Reascnable sudden
changes in heading to the left and right,
using ailerons to maintain approximate
level flight, should be made demonstrat-
ing a change of 15°, or the angle at which
a dangerous condition 1s encountered, or
at which 180 Ibs, rudder force is required.
The airplane should be satisfactorily
controllable during this maneuver. The
following data should bhe recorded:
Welght.

C. G. position.

Wing flap position.

Landing gear pasitlon.

Operating engine(s), rpm and manifeld

Ppressure.

Position of critical inoperative engine and its
propeller.

Pressure altitude.

Ambient sir temperature.

Trim speed &t 1.4 V,l.

Rudder force at maximum deflection.

(2) Directional control; four or more
engines, § 4b.132 {(v)—1) Configuration.
This test should be conducted in the con-
figuration that follows:
Welght—Maximum landing.

C. G. position—Most forward.

Wing flaps—Climb positlon.

Landing gear—Retracted.

Operating englnes—Fower required for level
flight at 1.4 V,, but not more than maxi-

mum contmuous POWET,

Critical inoperative engines—FPropellers
teathered on outboard engine most critical
for controllability and on adjacent engine.

(ii) Test rrocedure and required data.
The test procedure shown in subpara-
graph (1) (i) of this paragraph should
be repeated with two critical engines in-
operative. In addition to the data speci-
fied in subparagraph (1) (i) of this
paragraph, the position of the critical
inoperative engines and the propeller
configuration should also be recorded.

(3) Lateral control, general, § 4b.132
@)—) Configuralion. This test
should be conducted in the configuration
that follows:

Welght~—~Maximum take-off,

C. G. position—Most aft.

Wing faps—Climd position.

Landing gear—Retracted and extended.

Operating engine(s)—Maximum continuous
power,

Critica)l inoperative engine—Throitle closed

on englne most critical for controllability,
propeller feathered.

$ 4b,133

(i) Test procedure and required data.
Banked turns of 20° should be demon-
strated with and against the inoperative
engine from & sieady climb at 1.4 Vi,
The following data should be recorded:
Welght.

C. G. posltion.

Wing flap positlon.

Landing gear posltlon.

Engine(s), rpm and manlfold pressure,

Positlon of critlcal inoperative engine and
its propeller.

Pressure altitude.

Ambient alr temperature.

Trim speed at 1.4 V‘;'

Rudder force at magimum deflection.

Afleron force at maximum deflectlon.

(4) Lateral control; four or more en-
gines, §4b.132 (d)—) Configuration
This test should be conducted in the con-
figuration that follows:
Welght—Maximum landing.

C. G, positlon—Most forward,

Wing flaps—Climb position.

Landing gear—Retracted,

Operating engines—Power required for level
flight at 1.4 Vi, but not more than maxie
mum continuous power.

Critical inoperative englnes-~Propellers
feathered on gutboard englne most critical
for controllabiiity and on adjacent engine,

(i) Test procedure and required dala.
Banked turns of 20° should be demon-
strated with and against inoperative en-
gines from steady flight at 1.4 V.,. The
same data as are specified in subpara-
graph (3) (i) of this paragraph should
be recorded.

[Supp. 24, 19 F, R. 4455, July 20, 1954]

§ 4,133 Minimuin control speed, Vuo.

(a) A minimum speed shall be deter-
mined under the condltions specifled in
this paragraph, so that when the critical

‘engine is suddenly made inoperative at

that speed it shall be possible {o recover
control of the airplane, with the engine
still inoperative, and maintain it in
straight flight at that speed, either with
zero yaw or, at the option of the appli-
cant, with an angle of bank not to excess
of 5°. Such speed shall not exceed 1.2
Vll with:

(1) Take-off or maximum available
power on all engines,

(2) Rearmost center of gravity,

(3) Flaps in take-off position,

(4) Landing gear retracied,

(5) Cowl flaps in the positlon nor-
mally used during take-off,
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§ 4b133-1

(6) Maximum sea level take-off
weight, or such lesser welght as may be
necessary to demonstrate Ve,

{7y The airplane trimmed for take-off,

" (8) The propeller of the inoperative
engine windmilling, except that a dif-
ferent position of the propeller shall he
acceptable if the specific design of the
propelier control makes it more logical to
assume the different position, ‘

{9) The airplane airborne and the
ground effect negligible.

{(b) In demonsirating the minimum
speed of paragraph (a) of this section,
the rudder force required to maintain
control shall not exceed 180 pounds, and
it shall not be necessary to throttle the
remaining engines.

{¢) During recovery of the maneuver
of paragraph (a) of this section the air-
plane shall not assume any dangerous
attitude, nor shall it require exceptional
skill, strength, or alertness on the part
of the pilot to prevent a change of head-
ing in excess of 20° before recovery Is
complete.

[15 P R. 3543, June 8, 1550, as amended by
Arndt, 4b-8, 17 F. R. 1088, Feb. b, 1852]

Norte: Interpretation No. 1 (17 F. R. 2113,
Mar. 12, 1952), adopted by the Civil Aero-~
nautics Board, Mar. T, 1952, provides a&
follows: f

{1) The Board interprets ang construes

subparrgraph (8) of § 4b.133 {a) as requiring.

the Administrator to accept for the purposes
of §4h.133 a value for the one-engine-in.
operative ininimum control speed which has
been established in accordance with the
provisions of that section with the propeller
ot the Inoperative eugine feathered; Pro-
vided, That the airplane involved Is equipped
with an automatic feathering device &ocept-
able to the Administrator under § 4b.10 for
demnonstrating compliance with the take-off
path and climb requirement of §§ 40b.116 and
45,120 (a) and (b).

Cross RerrrEnce! For Spectal Civil Alr
Regulation applicable to turbine-powered
transport category airplanes of current de-
slgn, in lleu of the requirements contained
in § 4h.133, see SR—422B, supra.

§ 4b.133-1 . Determination of the min-
imum control speed, Vuo (FAA pol-
~icies which apply to § 4b.133).

(a) When demonstrating the mini~
mum contrpl speed, the applicant may
choose one of three basic methods de-
pendent on the inherent characteristics
of the airplane or a combination of the
methods is acceptable provided that the
comblnation chosent does not allow the
aircraft to exceed any of the limtiing.

Title T4—Aeronautics and Space

factors specified in § 4b.133.
methods are:

(1) With wings level and 180 pounds
rudder force, or full rudder travel caus-
ing airplane to deviate from a constant
heading, or airplane stajl,

(2) With the wing on the engine oper-
ating side lowered 5° and 180 pounds
rudder foree, or full rudder travel caus-
ing airplane to deviate from a constant
heading, or airplane stall,

(3) At 0° yaw and full rudder travel
causing airplane to deviate from 0° yaw,
Of l1180 pounds rudder force, or airplane
stall.

(b) When it has been found that the
aircraft is limited by the 180 pounds
rudder force in any of the methods in
varagraph (a) of this section, a plot of
force wvs, air speed should be made
through a suitable range of speeds to
substantiate the speed chosen at Vauc,

{¢) Generally speaking, in aircraft
equipped with right-hand rotating pro-
pellers, the Jeft-hand outboard engine
is the most critical when inoperative
from the standpoint of control. This
condition should he substantiated, how-
ever, by a comparative test with both
the right and then the left outhoard en-
gines inoperative, measuring the force
necessary to hold the airplane within
the limits as specified in §4h.133 at or
slightly above the minimuym eontrel
speed. When conducting this test it is
imperative to hold all remaining factors
equal so that & true comparison may bve
accomplished.

() All testing should be accom-
plished at the appropriate weights and
powers for the range of approval de-
sired. The minimum . control speed
should be determined for each take-oft
flap position selected for approval if the
take-off flap is made variable with
altitude.

(e} Civil Air Regulation Part 4b, In-
terpretation No. 1, interprets § 4b.133 (a)
(8) as requiring the establishment of one
engine Inpperative minimum control
speed with the propeller of the inopera-
tive engine feathered providing that the
airplane is equipped with an automatic
feathering device acceptable to the Ad-
minisirator under §4bh.10 for demon-
strating compliance with the take-off
path and climb requirements of §§ 4b.116
and 4h.120 () and (8. In such cases
where the applicant chooses fo demon-
strate Vuc with the propeller feathered,
the value of Vuc with the propeller wind-

These
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milling should also be obtained and in-

cluded in the Airplane Flight Manual
{f; Conflguration: This test should be

conducted in the configuration that fol-
lows:

Weight—Maximum take-off. (If stall occurs
prior to reaching Ve, appliceant may
choose to demonstrate a lower Vyo at a re-
duced welght.}

C. G-—Muast alt.

Wing faps—Take-off position.

Landing gear—Retracted,

Operating engine(g)-—Take-off rpm and
munlfold pressure or full throitle, cowl
flaps in take-off positlon.

Inoperative engine—Throttle closed, pro-
peiler windmilling or any other logical
position, cowl flaps in take-off positica.

(g) Test procedure and required data:
After establishing the critical inopera-
tive engine and the choice of method for
demonstration, the tests for establishing
the minimum control speed may he con-
ducted. Using the conflguration specified
in § 40.133, all engines should be adjusted
for take-off power and a series of engine
cuts made by moving the mixture control
of the critical engine in iéle cut-off posi-
tion at conseccutively lower air speeds
until one of the Hmiting factors specified
in §4b.133 is experienced. When the
minimum control speed is determined,
aminimum of five demonstrations should
be made to provide adequate proof that
the chosen value meets the requirement.
The following data shouid be recorded:
Pressure altltude,

Ambient alr temperature.

Indicated air speed.

Engines, rpm and manifold pressure

Torgue pressure.

Carburetor air tempersture.

Liudder force,

Bank angle,

Gyro direction indieator.

YTaw—If method is chosen where loss of alre
plane’s ability to maintain ¢° yavr {s Hmit-
ing factar speclfied In (a} (3) of this
secticn.

[Supp. 24, 19 F. R. 4466, July 20, 1854]
TRINM
§ 41.140 General.

The means used for trimming the air-
plane shall be such that after being
trimmed and without further pressure
upon, or movement of, either the primary
control or its corresponding frim control
by the pilet or the asutomatic pilot, the
airplane shall comply with the trim re-
quirements of §§ 4b.141 through 4h.144.

¢ 4b141-1

§ 45.140-1 General rim qualitics (FAA
policies which apply to § 4b.140),

1t should be possible to trim the air-
plane completely for any flight condition
which is reasonable to assume will he
maintained steadily for any appreciable
time. Compliance for unsymmetrical
power should he demonstrated with
“wings level” or “zerc yaw” when a yaw-
meter is installed as a part of the re-
quired equipment.
[Supp. 24, 19 F. R. 4456, July 20, 1854}

§ 4b.141 Lateral and divectional trim.

The airplane shall maintain lateral
and directional trim under thie most ad-~
verse lateral displacement of the center
of gravity within the relevant operating
limitations, under all normally expected
conditions of operation, including opera~-
tion at any speed from 1.4 V, to Vuo/
Muo.,
jAmdt. 4b-2, 20 F.R. 6305, July 26, 1955;
Amdt. 4b-12, 27 F.R. 2089, Mar. 30, 1962}

§ 44.141-1 Procedure for demonstrat-
ing lateral and dircctional trim (FAA
policies which apply to § 4b.141),

(a) Configuration. This test should
be conducted in the configuration that
foliows:

Weight—Maximum take-off and meximum
landing.

C. G. positlon—Most forward and most att
with greatest lateral vartation in useful
lcagd, Asymmetrical fuel loading should be
conslderad.

Wing flaps—Retracted and maximum land-
ing position.

Landing gear—Retracted and extended.

Engines—Power required for lavel flight.

Cowl fiaps—Appropriate for flight conditlon.

(b) Test procedure and required data.
It should be possihle to maintain hands-~
off lateral and directional trim when
demonstrating compliance with § 4b.141.

The following data should be recorded:
Weight.

C. G. posltion.

Wing flap position.

Landing gear posltion.

Engines, rpm and manifold pressure.
Pressure altitude.

Amblent alr temperature.

Trim speed at 14 V,,.

(Additional iateral and directional triny
should be demonstrated in ether coh-
figurations in conjunction with fests I
§ 4b.150.)

[Supp. 24, 19 FR. 4466, July 20, 1954, as
angfsrlitded by Supp. 32, 22 PR, 8063, Aug. 29,
19
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§ 4b.142

§ 4b.142 Longitudinal trim,

The airplane shall maintain longi-
tudinal trim under the following con-
ditions:

(a) During a climb with maXimum
continuous power at a speed not in ex~
cess of 1.4 V, with the landing gear
retracted and the wing flaps both re-
tracted and in the take-off position,

(b) During a glide with power off at
a speed not in excess of 1.4 V.. with the
landing gear extended and the wing flaps
both retracted and extended, with the
forward center of gravity position ap-
proved for landing with the maximum
landing welght, and with the most for-
ward center of gravity position approved
for landing regardless of weight,

(¢) During level flight at any speed
from 1.4 V. to Vno/Mnuo with the land-
ing gear and wing flaps retracted, and
from 1.4 Vy, to Viz with the landing gear
extended.

{15 F. R. 3543, Juane 8, 1950, as amended by
Arndt, 4b-2, 20 F R. 65305, July 28, 1955; Amdt.
4p-13, 27 F.R. 2089, Mar. 30, 1962]

§ 4b.142-1 Procedure for demonstrai-
ing Iongitudinal trim (FAA policies
which apply to § 4b.142).

(a) Longitudingl trim, during c¢limb,
§ 4b.142(a>—(1) Configuration. This
test should be conducted in the configu-
ration that follows: h
Welght—Maximum take-off.
C. G. position—Most forward.
Wing fiaps—Retracted and take-off positlon.
Landing gear—Retracted.
Engines—Maximum continuous power,
Cowl flaps-——Optional. :

(2) Test procedure and required data.
It should be possible to mainfain hands~
off longitugdinal trim at & speed not in ex-
cess of 1.4 Vs, with the wing flaps re-
tracted and in the take-off position.
The same data specified in § 4b.141-1 (b)
should be recorded.

(b) Longitudinal trim during glide,
§ 40,142 ()—(1) Configuration. This
test should be conducted in the configu-
rations that follow:

Welght—Maximum landing.

C. G. position—NMost forward for maximum
landing weight.

Wing flaps—-Retracted and maximum land-
ing position.

Landing gear—Extended.

Engines—Power off, propellers windmilling.

(2) Test procedure and required data.
It should be possible to maintain hands-
off longitudinal trim at & speed not in
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excess of 1.4 Vs, with the wing flaps re-
tracted and extended. This test should
be repeated with the most forward C. G.
position for landing regardiess of weight.
The same data specified in § 4b.141-1 (b)
should ke recorded.

{¢) Longitudingl ftrim during level
flight, §4b.142 (¢)~—(1) Configuration,
This test should be conducted in the con-
figuration that follows:

Welght—max{mum takeoff,

C. G. posltion-—most forward and most aft.
Wing flaps—retracted.

Landing gear—retracted snd extended.
Engines—power required for level flight.

" Cowl flaps—appropriate for flight condl-
on,

(2} Test procedure and required data.
It should be possible to maintain hands-
off lengitudinal trim when demonstrat-
ing compliance with § 4b.142 (c).

[Supp. 24, 19 PR. 44568, July 20, 1054, as

amended by Supp. 84, 22 P.R. 6068, Aug. 23,
1957]

§ 4b.143 Longitudinal, directional, and
Jateral trim.

(a) The airplane shall maintain longi-
tudinsal, directional, and lateral irim at
& speed equal t0 1.4 V,, during climbing
flight with the critical engine inopera-
tive, with

(1) The remaining engine(s) operat-
ing at maximum continuous power,

(2} Landing gear retracted,

(3) Wing flaps reiracted.

(b) In demonstrating compliance with
the lateral trim requirement of para-
graph (a) of this section, the angle of
bank of the airplane shall not be in ex-
cess of 5 degrees.

[Amdt, 4b-6, 17 F. R. 1089, Feb. 5, 1952]

§ 4b.143-1 Procedure for demonstrat-
ing longildinal, directional, and
lateral trim (FAA policies which
apply to § 4b.143).

(a) Configuration. 'This test should
be conducted in the eonfiguration that
follows:

Welight—Maximum take-off,

C. G. posltion—Most forward.

Wing flaps~Retracted.

Landing gear—Retracted,

Cowl flaps~—Appropriate for Alght condition.

Operating engine(s)—Maximum continugus
power,

Critteal inoperative englne—Throttla closed
on englne most critical for trim, propeller
teathered.

(b) Test procedure and required data.
It should be possible to maintain hands-
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off longitudinal, directional, and lateral
trim during climb at a speed of 1.4 Va,.
In addition to the data specified In
§ 4b.141-1 (b), the position of the critical
inoperative engine and its corresponding
propeller should be recorded.

[Supp. 24, 19 P. R. 4457, July 20, 1054]

§ 4b.144 Trim for airplanes with four

or more engines.

The airplane shall maintain trim in
rectilinear flight at the climb speed, con-
figuration, and power used in establish-
ing the rates of climb in § 4b.121, with
the most unfavorable center of gravity
position, and at the weight at which the
two-engine-inoperative climb is equal to
at least 0.01 V,;* at an altitude of 5,000
feet.

§ 41,J44~1 Procedure for demonstrat-
ing twim for airplanes with four or
more engines (FAA policies which
apply to § 4b.144).

(a) Configuration. This test should
be conducted in the configuration that
follows:

Welght-—At which climb is equal to at least
0.01 ¥, ? at an altitude of 5,000 feet,

C. G. position—Most forward.

Wing fiaps—Optional.

Landing gear—Retracted.

Cowl flaps—Appropriate for flight condition.

Operating englnes-—Maximum continuous
rower.

Inoperative engines—Throttles closed on
outboard engine most critical for trim and
on adjacent engine, propellers feathered.

(h) Test procedure and required data.
It should be possible to maintain hands-
off longitudinal, lateral, and directional
trim at the same air speed used in dem-
onstrating the two-engine-incperagive
ciimb (see §4b.121). The {following
data should he recorded;

Walght,

C. G. position.

Wing flap position.

Landing gear position.

Qperating englnes, rpm, manifold pressure,
and cowl fiap position.

Position of eritlcal Inoperative engines and
thelr propeilers,

Pressure altitude,

Amblent air temperature.

Climb speed.

[Supp. 24, 18 F. R. 4457, July 20, 1854]
STABILITY
§ 4b.150 General,

The gairplane shall be longitudinally,
directionally, and laterally stable in ac-
cordance with §§ 4b,151 through 4b.158,

§ 4b.152

Suifahle stability shall be reguired in
other conditions normally encountered
in service if flight tests show such sta-
bility to be necessary for safe operation.
{Amdt. 4b-12, 27 F.R, 2989, Mar, 30, 1962]

§ 4b.151 Static longitudinal stability.

In the conditions outlined in §§ 4b.152
through 4b.155, the characteristics of the
elevator control forces including friction
and the elevator confrol surface displace-
ment shall comply with paragraphs (a)
through (c¢) of this section.

(a) A pull shall be required to obtain
and maintain speeds below the specified
trim speed, and a push shall be required
to obtain and maintain speeds above the
specified trim speed, except that if the
elevator control forces are not depend-
ent upon the hinge moments of the ele-
vator control surface it shall also he
shown that an upward displacement of
the elevator trailing edge is required to
obtain and maintain speeds below the
specified trim speed and a downward
displacement of the elevator trailing
edge is required to obtain and maintain
speeds above the specified trim speed.
These criteria shall apply to any speed
which can be obtained, except that such
speeds need not be greater than the
landing gear or the wing flap operating
limit speed or Vrc/Mrc, whichever is ap-
propriate, or need not be less than the
minimum speed in steady unstalled
flight.

(b) The air speed shall return to with-
in 10 percent of the original trim speed
when the control force is slowly released
from any speed within the limits defined
In paragraph (a) of this section,

(c) 'The stable slope of the stick force
versus speed curve shall not be less than
0.5 pound per 3 knots nor shall it exceed
a value beyond which control of the air-
plane is difficult.

[15 F.R. 8543, June 8, 1950, ps amended by
Amdt, 4b-11, 24 F.R, 7068, Sept. 1, 1959; Amdt,
4p-12, 27 F.R. 2089, Mar, 30, 1962]

§ 4b.152 Stability during landing.

The stick force curve and, if required
by § 4b.151(a), the elevator angle curve
shall have stable slopes and the stick
force shall not exceed 80 pounds at any
speed befween 1.1 Vy, and 1.8 V. with:

(a} Wing flaps in the landing position;

(b} The landing gear extended;

(¢) Maximum landing weight;

() Power, or thrust, off on all
engines; and
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§ 4b,153

(e) The airplane trimmed at 14 Vi
with power or thrust off.
{Amdst. 4b-12, 27 F.R. 2989, Mar. 30, 1952]

§ 4h153 Stability during approach.

The stick farce curve and, if required
by § 4b.151¢a), the elevator angle curve
shall have stable slopes at all speeds be-
tween 1.1 Vs, and 1.8 Vs, with:

() Wing flaps in the approach
position;

(b) Landing gear retracted;

(¢) Maximum landing weight; and

(d) The airplane trinmed at 14 V,,
and with power sufficient to maintain
level flight at this speed.

IAmdt. 4b-12, 27 F.R. 2889, Mar. 30, 1962]

54b.154 Stability during climb.

The stick force curve and, if required
by § 4b.151(a), the elevator angle curve
shall have stable slopes at all speeds be-
tween 85 and 115 percent of the speed at
which the airplane is trimmed with:

(a) Wing flaps retracted;

{b) Landing gear retracted;

{c) Maximum takeoff weight;

(d) 75 percent of maximum continu-
ous power for reciprocating engines;
maximum power or thrusp selected by the
applicant as an operating Hmitation for
use during climb (see § 4b.718) for tur-
bine engines; and

(¢) The airplane trimmed at the best
rate~of-climb speed except that the
speed need not be less than 1.4 Vs,

{Amdt. 4b-12, 27 F.R. 2989, Mar. 30, 1962]
& 4b.155 Stability during cruising,

(a) Landing gear retracted; high
speed, ‘The stick force curve and, if re-
quired by § 4b.151(a), the elevator angle
curve shall have stable slopes at all speeds
from Vro/Mre to the.speed equal to

~14V
Ec-z—‘l——sl or to BD knots less

than the trim speed specifled in subpar-
agraph (4) of this paragraph, whichever
is the lesser speed except that it need
not be less than 1.4 Vs, and the stick
force shall not exceed 50 pounds with:

(1) Wing flaps retracted;

(2y The mast critical welght hetween
meaximum landing weight and maximum
takeoff weight;

(3) 75 percent of maximum continu-
ous power for reciprocating engines;
maximum cruising power selected by the
applicant as an operating limitation (see
§ 4b.718) for turbine engines, except that

Vro~
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the power need not exceed that required
at Vmo/Muo; and

(4) The airplane trimmed for level
flight with the power required in sub-
paragraph (3) of this paragraph.

(b) Landing gear retracted; low speed,
The stick force curve and, if required hy
§ 4b.151(a), the elevator angle curve
shall have stable slopes at all speeds
from a speed equal to

Vic—1.4 Vs
- Ve ———
to 1.4 Vs, and the stick force shall nof
exceed 50 pounds with the wing flaps
and weight as specified in paragraph (a)
of this section and with:

(1) Power required for level flight at
a speed equal to Vrc—(zi—zlﬂ’—‘);
and

(2) The airplane trimmed for level
flight with the power required in sub-
paragraph (1) of this paragraph.

Nore: At altitudes where Mach number 1s
critieal, the callbrated alrspeed correspond-
ing with My may be used to calculate the

Vyc—14V
speed Vrc—( _-f_c—a———sl-)

(¢> Landing gear extended. The stick
force curve and, if required by § 4b.151
(a), the elevator angle curve shall have
stable slopes at all speeds between 1.4 Vs,
and Vie and the stick forcz shall not
exceed 50 pounds with the wing flaps and
the weight as specified in paragraph (a)
of this section and with:

(1) Power required for level flight at
Viz; and

(2) The airplane trimmed for level
flight with the power required in sub-
paragraph (1) of this paragraph.

[Amdt, 4b-12, 27 F.R. 2989, Mar, 30, 1962]

§ 4b.156 Dynamic longitudinal stability.

Any short period oscillation occurring
between stalling speed and maximum
permissible speed appropriate to the
configuration of the airplane (e.g., Vrz,
Vie, or Vrec/Mre) shall be heavily
damped with the primary controls free
and in a fixed position,

[16 F.R. 3543, June B, 1950, as amended by
Amdt. 4b-12, 27 FR. 2890, Mar. 30, 1963]

§ 4b.156—1 Procedure for demonstrat-
ing dynamic longitudinal stability
(FAA policies which apply to
§ 4b.156).

Damping of accelerations and move-
ment of the control should be noted
when:
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(a) The control column is quickly off-
set and immediately released and

{b) The control column is guickly off~
set and immediately returned to the trim
position and held in this position.
{Supp. 24, 19 F. R. 4458, July 20, 1954]

§ 4,157 Static directional and lateral
stability,

(a) The static directional stability, as
shown by the tendency to recover from a
skid with rudder free, shall be positive
with all landing gear and flap positions
and symmetrical power conditions, at all
speeds from 1.2 ¥s, up to Vrg, Viz, or
Vro/Mre, whichever is appropriate to the
airplane configuration.

{h) The static lateral stability, as
shown by the tendency to raise the low
wing in a sideslip with the aileron con-
trois free and with all landing gear and
flap positions and symmetrical power
conditions, shall;

(1) Be positive at Vre, Vig, or Vec/
Mro, whichever Is appropriate to the air-
plane configuration,

(2) Not be negative at a speed equal
t0 1.2 Va,.

(c) In straight steady sldeslips (unac-
celerated forward slips) the aileron and
rudder control movements and forces
shall be substantially proportional to the
angle of sideslip, and the factor of
proportionality shall lie between limits
found mnecessary for safe operation
throughout the range of sideslip angles
appropriate to the operation of the air-
plane. At greater angles up to that at
which the full rudder control is employed
or 8 rudder pedal force of 180 pounds is
obtained, the rudder pedal forces shall
not reverse, and inereased rudder deflec-
tion shall produce inecreased angles of
sideslip. Sufficient bank shall accom-
pany sideslipping to indicate clearly any
departure from steady unyawed flight,
unless a yaw indicator is provided.

[15 F. R. 3543, June 8, 1850, as amended hy
Amat, 4h-6, 17 FR. 1089, Feb. 5, 1952; Amdf.
4b-12, 27 FR. 2090, Mar, 30, 1962]

§ 41.157-1 Procedure for demonstrat-
ing static directional and lateral sia-
bility (FAA policies which apply to
§ 4h.157).

(a) Motion involving roll, No real
motion of the airplane involving roll is
possible without yaw also being involved,
and vice versa. In showing compliance
with §4b.157 the rolling and yawing

§ 4b.157-1

stability should be Investizated sep-
arately.

(b} Directional stability., Directional
stability should be invesiigated by stars-
ing from steady flight in the required
configuration and defleeting the rudder
at a fairly rapid rate hy the amount re-
quired to mainiain a steady skid with
the airplane yawed approximately 20°
(as read on the directional gyro) while
the wings are maintained level by use
of the ailerons, and the speed held con-
stant by means of the elevator control,
When the steady condition has been es-
tablished, the rudder should be released
and, if the airplane is directionally
stable, it should cease to skid; i. e, the
yaw should decrease to approximately
zero and, if also laterally sitable the
aileron deflection and force reguired to
hold the wings level should also ap-
proach zero. The test should be con-
ducted by executing skids both to the
right and left, recording in each case the
time required from the release of the
rudder controls and the number of oscil-
lations, if any, involved to recover to
steady level flight.

(c) Lateral siability. Lateral stabil-
ity should be investigated by starting
from steady flight in the required con-
figuration and banking the airplane
approximately 20° (as read on the gyro
horizon) by means of the ailerons, while
maintaining the original heading by
mesans of the rudder, and the original
speed by means of the longitudinal
trimming device. When the steady
slinping condition has been established,
the aileron control should be released.
If the alrplane is laterally stable, it
should cease to slip; 1. e., the wing should

Creturnt to an approximately level atti-

tude, and the rudder deflection and pedal
force required to maintain the heading
should approach zero. The test should
be conducted by executing slips from
both to right and left, and in each case
the time required from the release of the
aileron control and the number of oseit-
jations, if any, involved to recover to
steady level flight should be recorded.

(d) Additional test. In addition to
the directional and lateral stability tests,
§ 4b.157 (c) contains provisions which
should be used to test the airplane for
rudder gver balance.

(e) Static directional stability test,
§ 40.157 (a) and (¢).
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§ 4b.158

CaUTION: Prior to conducting thls test
and that in paragraph (f) of this sectlon,
complete agreement should be reached be-
tween the applicant snd the FAA PFlight
Test Agent to insure that the severity of
control application will not result in loads
exceeding the design limitations.

(1) Configurgtion, This test should
be conducted in the configurations that
follow:

Maximum take-off welght with wing fiaps
retracted.

Maximum landing welght with wing Saps
extended.

C. 3. position—NMost aft,

Wing flaps—Retracted and maximum land-
ing position.

Landing gear—Retracted and extended.

(2) Test procedure and required data,
The following tests should he conducted
at the altitude deemed most critical for
the comhbination of power and serody-
namic damping effect;

(i) The airplane should be yawed
slowly to the left and right using aile-
rons to hold wings level, and, when con-
trols are released slowly, the tendency
of aitplane to recover from the skid
should be noted.

(1) The qualitative proportionality
of rudder and aileron deflection and
force during steady syraight sideslips
should be noted.

(iii) Damping of yawing and move-
ment of control should be noted when
the rudder is quickly offset and imme-
diately released and when the rudder is
quickly offset and immediately returned
and held in the trim position.

(f) Static lateral stability lest, § 4b.~
157 (b)—(1) Configuration. This test
should be conducted in the configura-
tions that follow:

Maximum teke-off welght with flaps re-
tracted.

Maximum landing welght with flaps ex-
tended.

C. G. position—Most aft.

Wing flaps—Retracted and maximum Iland-
ing position.

Landing gear—Retracted and extended.

[Supp. 24, 19 F.R. 4458, July 20, 1954, a8

amended by Supp. 34, 22 F.R. 6983, Aug.

?gé 21]95'1: Amdt, 4b-12, 27 F.R. 2080, Mar. 30,

§ 4h.158 Dynamic directional and lat-
eral stability, .

Any short period oscillation oceurring

between stalling speed and maximum

prermissible speed appropriate to the
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configuration of the airplane (e.g., Vrz,
Vie, or Vrc/Mrc} shall be heavily
damped with the primary controls free
and in a fixed position.

[16 F.R. 3543, June 8, 1950, as amended by
Amdt, 4p-12, 27 F.R. 2090, Mar. 30, 1982]

§ 4h.158~1 Procedure for demonstrat-
ing dynamic directional and lateral
stability (FAA policies which apply
to § 4b.158).

Damping of yawing and movement of
the control should be noted during the
test procedure in § 4b.157-1{(e} (2) (iii).
[Supp. 24, 10 F.R. 4458, July 20, 1954]

STALLING CHARACTERISTICS

§4hb.160 Stalling; symmetrical power.

(a) Stalls shall be demonstrated with
the airplane in straight flight and In
panked turns at 30 degrees, both with
power off and with power on. In the
power-on conditions the power shall be
that necessary to maintain level flight at
a speed of 1.6 Vs, where Vs, corresponds
with the stalling speed with flaps in the
approach position, the landing gear re-
tracted, and maximum landing weight.

(h) ‘The stall demonstration shall be
in the following configurations:

(1) Wing flaps and landing gear in
any likely combination of positions,

(2) Representative weights within the
range for which certification is sought,

(3) -The center of gravity in the most
adverse position for recovery.

() The stall demonstration shall be
conducted as follows:

(1} With the airplane trimmed for
straight flight at the speed prescribed
in §4b.112(e) (1), the speed shall be
reduced by means of the elevator con-
trol until it s steady at slightly above
stalling speed; after which the elevator
control shall be applied at a rate such
that the airplane speed reduction does
not exceed one mile per hour per second
until the airplane is stalled or, if the
airplane is not stalled, until the contrel
reaches the stop.

(2} The airplane shall be considered
stalled when, at an angle of attack
measurably greater than that of maxi-
mum lift, the inherent flight characteris-
tics give a clear indication 1o the pilot
that the airplane is stalled, except that
for eirplanes demonstrating unmistak-
able inherent aerodynamic warning as-

sociated with the stall in all required
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configurations, the speed need not be re-
duced below a value which provides an
adequate stall warning margin as defined
in §4b.162,

NoTE: A nose-down pitch or a roll which
cannot be readlly arrested are typlcal Indi-
catlons that the alrplane is stalled. Other
Indlcations, such as marked loss of control
effectiveness, abrupt change in control force
or motion, characteristic buffeting, or a dis-
tinctive vibration of the piiot's controls, may
be accepted 1 found in a partlcular case
to be sufficlently clear. Types of inherent
aerodynamic warning considered acceptable
include characteristics such a&s buffeting,
small amplitude pitch or roll osciliations,
distinctive shaking of the pilots' controls, ete.

(3) Recovery from the stall shall be
effected by normal recovery technigues,
starting as soon as the airplane is stalled.

() During stall demonstration it
shall be possible to produce and to cor-
rect roll and yaw by unreversed use of
the aileron and rudder conirols up 1o
the moment the airplane is stalled; there
shall cceur no abnormal nose-up pitch-
ing; and the longitudinal control force
s?aﬁl be positive up to and including the
stall.

(e} Straight flight stalls shall be en-
tered with wings level. The roll occur-
ring between the stall and the comple-
tion of the recovery shall not exceed
approximately 20 degrees,

{f} In turning flight stalls the action
of the airplane following the stall shall
not be so violent or extreme as to make
it difficult with normal piloting skill to
effect a prompt recovery and to regain
control of the airplane.

(2) In hoth the straight flight and the
turning fiight stall demonstrations it
shall be possible promptly to prevent the
airplane from stalling and to recover
from the stall condition by normal use .
of the controls.

[Amdt. 4b-5, 18 F. R. 12220, Dec. 4, 1951, as
amended by Amdt. 4b-3, 21 I, R. 890, Feb, 11,
119923;} Amdt, 4b-12, 27 F.R. 2090, Mar. 30,

§ 4b.160-1 Procedure for demonstrat-
ing stall tests, symmetrical power
(FAA policies which apply 1o
§ 4b.160(c) (2)).

(a) Angle-of-attack. The angle-of-
attack during the stall maneuver should
be increased af least to the point where

ghg following two conditions are satis-
ed:

§ 4b.160-

(1) Attainment of an angle-of-attacl
measurably greater than that for maxf
mum ift,

(2) Clear indication to the pilo
through the inherent flight characteris.
fics that the airplane is stalled.

() Procedure to be used. ‘The fol.
lowing procedure may be used to demon-
strate that these two conditions are
fulfilled.

(1) A photopanel or equivalent meth-
od of obtaining continuous records of
the following wvariables at not greater
than % second intervals should he pro-
vided: indicated angle-of-attack, swivel
static and shielded total pressure head
or equivalent, pressure altitude, piteh
and bank angle, normal acceleration,
elevator position and force, aileron and
rudder position.

(2) If it is evident that longitudinal
stick force is always positive, that is, no
reversal exists down to the stall, then
time history of this item should not be
required.

(3) In order to insure that an ac-
curate recording of the indicated angle-
of-attack is obtained, the sensing de-
vice should be located in a region where
tuft surveys show that the streamlines
undergo no radical change in direction
up 1o the maximum angle contemplated,
Regions well forward of the wing leading
edge are desirable to keep the angular
difference between true angle and indi-
cated angle as small as passible,

(4). Means for indicating the stall
warning point angd the point at which
the pilot is informed by the inherent
flight characteristics that the airplane
is stalled should be provided. This may
consist of a light on the photopanel op~
erated by a switch mounted on the con-
trol wheel, In order to insure that the
camera records the light Image a time
delay device may need to be incorpo-
rated in the Jight eircuit in cases where
camera speed is low.

(¢) Configuration. Stalls should he
conducted in the confizgurations noted in
the following listings and with cowl faps
appropriate for the filzht condition.
Power off stalls should be conducted with
the engines idling and propellers in low
ritch. For power on conditions, stalls
should be conducted with that power
necessary to maintain leve] flight at a
speed of 1.6 V., with flaps in the ap-
proach position, landing gear retracted
and maximum landing weight.
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§ 45.160-1

" (1) Stalls—straight fight.

Title 14—Aeronautics and Space

Oross welght C.a.

Positlons

Power
Flap Gear

Retracted.
Take-off._.

Retracted,)
Do, !
Do

Eitended.}
Dot
Do.?
Do
Doa

Retracted,

Extended,

- Retracted,

Extendeq,
Do.?
Do
Do
Dot

1 May be demonstrated during stalllng speed tests. See § 14b.112.
1 Usp extended, unless, dus to directlon of C. G, shift with gear, retracted gear is more critical, Ifretracted is more

eritica) usa retracted position for these stalls,

(2 Stalls—30° banked turns.

QGross welght C.G.

Power

Positions

Diregtion
Flap Gear

Matimum take-off .. _____._
Do._..

Rotractad.
do._

To right.

To left.

To right.

To lelt.

..| Toright,
-{ Tolett.

- Do.
-{ To right.

(d) Test procedure and required data.
The stall tests may be conducted at any
optional altitude (see §4b.100-3 (d)).
The flight test procedure should he con-
ducted in accordance with § ¢h.160 (e
(1). 'The pilot should be provided with
a yawmeter or equivalent means for
maintaining the angle of yaw as near
zero as possible, The operation of the
phatopanel recording system, previously
described in paragraph (b) (1) of this
section, should be started at least 20
mph above the stall speed and allowed
to operate continuously until the stall
recovery is completed. The pilod’s indi-
cation of stall warning and the actual
occurrence of the stall should be ob-
tained. In addition fo the data obtained
on the photopanel shown in paragraph
(b) (1) of this section, the following
informadtion should also be recorded:
Welght.

C. G, position.

Ambient alr temperature,

Wing flap posttion.

Landing gear position.

Engines, rpm and wmanlfold preagurs.

{e) Data analysis. Time historles
should be plotted of the phatopanel in-
struments, The stalling warning polnt
{see § 4b.162-1) and the point at which
“the inherent flight characteristics give
& clear indication that the airplane is
stalled” should be noted on the plots.

(1) Inspection of the plots will then
show if the following two conditions are
fulfilled:

(i) The Indicated angle-of-attack in-
creases steadily to a value measurably
beyond that for maximum lift, and

(ii) The stall is evident to the pilat
prior to initiation of recovery.

(2) Consideration should be given to
the following points in the time-history
analysis:

(i) 'The direction in which the elevator
is moving, 1. e., any nose down pitch or
decrease in load factor not induced by
inadvertent elevator motion,

(i) Rudder and aileron wmovement
with respect to uncontrollable roll,

(iil) The effect of lag in the air-speed
system,

(iv) Rate of air speed change,
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(v) Effect of pliching velocity or roll-
Ing velocity on indicated angle-of-attack.
If possible, angle-of-attack time history
should be drawn through points where
pitching or rolling velocity are smali. If
corrections are unavoidable, the angular
correction is simply tan-! pd/V where
p Is the rolling or pitching velocity, V
s the $rue air speed, end d is the distance
from the pitch or rolling axis, as the case
may be, to the sensing device. It should
be noted that this correction is applicable
to either true or indicated angle-of-at-

ack,

(vl) 'The indicated acceleration Is &
function of the angle the vertical axis of
the accelerometer makes with the per-
pendicular to the earth’s surface, There-
fore, bank angle will seriously affect the
maximum LIt point. For example, a
bank of 45° without loss of ift will result
in a drop in indicated acceleration from
1.00 to .707. As & result acceleration
data obtained inn the reglon of Crmes.
should be disregarded or eorrected for
bank angle when the bank angle exceeds
nine or ten degrees,

[Supp. 24, 19 F. R. 4459, July 20, 1954]

§ 4b.161 Stalling; asymmetrical power.

(a) The airplane shall be safety re-
coverable without applying power to the
inoperative engine when stalled with;

(1) The critical engine inoperative,

(2) Flaps and landing gear retracted,

(3) The remaining engines operating
up te 75 percent of maximum continuous
power, except that the power need not
be greater than that at which the wings
can be held level laterally with the use
of maximum control travel.

tb> It shall be acceptable to throttle
back the operating engines during the
recovery {rom the siall

§ 4b.2161-1 Procedure for demonstral~
ing stall test, asymmetrical power
(FAA policies which apply to
§ 4h.161).

(a) Control of airplane. During this
test the airplane shouid not becamie un-
controllable or losé an exXcessive amount
of altitude when so stalled.

(b) Configuration. This test should be

conducted in the configuration that fol-
lows:

Welght—Maximum take-off.

C, G. position-—Most aft,

Wing fiaps—Retracted.

Landing gear—Retracted.

Operating engine{s)—Power up to 76 per-
cent maximum continuous power, cowl
flaps optlonal,

§ 4b.16g

Critical inoperative engine—Propeller op-
tlonal, feathered or windmilling, cowl flaps
appropriate for flight condition.

Trim speed—1.4 V.

(¢} Test procedure and required data,
This test may be conducted at any gp-
tional altitude (see § 4b.100-3 (¢)). See
§ 4h.160 (¢) regarding test procedure.

(1) The speed of the airplane should
be reduced from the trim condition with
the wings held level until the first of the
fallowing oceours:

(1) Full rudder or alleron deflection,

(1) 180 lbs. rudder forece.

(iil} Stall is reached.

(2) If full rudder or aileron deflection,
or the 180 lbs. rudder force occurs first,
the power should be reduced and the test
repeated until sufficient control is avaii-
able to complete the stall. 'The power
may be reduced on the operating en-
gine(s) before reapplylng power on the
operating engine or engines for the pur-
pose of regaining level flight. The fol-
lowing data should be recorded at that
point:

Pressure altitude,

Ambient air temperature.

Indicated air speed.

Englnes, rpm and manifold pressure,
Torgque pressure,

Carburelor air temperature,

Rudder foree (if desirable),

(3> If stall is reached first, the same
data should be recorded.
[Supp. 24, 18 F. R. 4460, July 20, 1954]

§ 4b.162 Stall warning.

Clear and distinctive stall warning
shall be apparent to the pilot with suf-
ficlent margin to prevent inadvertent
stalling of fhe airplane with flaps and
landing gear in all normally used posi-
tions, both In straight and in turning
flight. It shall be acceptable for the
warning to be furnished either through
the inherent aerodynamic qualities of
the airplane or by & device which will
give clearly distinguishable indications
under all expected conditions of flight.

NoTr: A stall warning beginning at a speed
7 percent above the stalling speed is normally
consldered suffictent margin. Other margins
mey be acceptable dependlng upon the de-
gree ol clarity, duration, and distinctiveness
of the warning and upen other characteris=-

tics of the alrplane evldenced during the
approach to the stall.

[Amdt. 4p-5, 18 ¥, R. 12220, Dec. 4, 1851}
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§ 4b.162-1

§ 4b.162~1 Stall warning (FAA policies
which apply to § 4b.162).

(a) The adequacy of stall warning
should depend on the relative ease with
which an airplane might be inadvert-
ently stalled following the occurrence
of stall warning., For example, if un-
mistakable warning occurs only 2 Dper-
cent above the stall speed but undue
pilot effort is required to reduce the air
speed to the stall, the speed margin of
9 percent may be adequate. On the
other hand if conscious effort Is re-
quired to aveid stalling the alrplane, a
positive type of warning initiated at a
relatively high speed above the stall
may be required. C

(h) Suggested suitahle stall warnings
are, buffeting which may be defined as
general shaking or vibration of the air-
plane or elevator shake of sufficient mag-
nitude to be unmistakable; or a stall
warning instrument such as & stick
shaker. A visual stall warning device
which requires the attention of the crew
within the cockpit is not considered ac-~
ceptable by itself,
|Supp. 24, 19 F. R. 4460, July 20, 1954}

GROUND HANDLING CHARACTERISTICS

§4h.170 Longitudinal ftability and con-
trol. .

(a) There shall be no uncontrollable
tendency for landplanes to nose over
in any reasonably expected operaiing
condition or when rebound occurs dur-
ing the landing or take-off.

(b) Wheel brakes shall operate
smoothly and shall exhibit no undue
tendency to induce nosing over.

(¢} When s tall-wheel landing gear is
used it shall be possible during the take-
off ground run on concrete to malntain
any attitude up to thrust line level at
80 percent of Vs,.

§ 4b.170-1 Procedure for demonstral-
ing longitudinal stability and control
on the ground (FAA policies which
apply to § 4b.170).

Taxling tests at velocities up to 70
pepeent of the stalling speed. should
be conducted on smooth and rough
ground which may likely be encountered
under normal operating conditions,
Particular attention should be paid fo
the following:

(a) Taxiing over rough ground. There
1s some evidence to indicate that eritical
loads can be built up in taxiing over
Tough ground, even when the shock-ah-
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sorbing system is entirely satisfactory
with respect to ecapacity for landing
purposes.

(b) Brakes. Their adequacy when
maneuvering on the ground asud their
tendency to cause nosing-over should be
investigated. Any bad tendency will
normally be exaggerated when taxiing
in a strong side or tail wind.

[Supp. 24, 19 F. R. 4460, July 20, 1854]

§ 4b.170-2 Longitudinal stability and
. control with reverse thrust (FAA pol-
icies which apply to § 4b.170).

The policies outlined in § 40b.402-1 (a),
(d), and (e) will apply.
[Supp. 25, 20 F. R. 2277, Apr. 8, 1955]

§ 4b.170-3 Longitudinal stability and
control with an antiskid device in-
stalled (FAA policies which apply to
§ 4b.170).

The policies outlined in § 4b.337-4 will

apply.
[Supp. 28, 21 F. R. 2558, Apr. 19, 1956]

§ 4b.171 Directional stability and con-
trol

(a) There shall be no uncontrol-
lable greund-looping tendency in 90°
cross winds of vetocity up to 0.2 Vs, at
any ground speed at which the airplane
is expected to operate.

(b) All landplanes shall be demon-
strated to be satisfactorily controllable
with no exceptional degree of skill or
alertness on the part of the pilot in
power-off landings at normal landing
speed during which brakes or engine
power are not used to maintain a straight
path.

{¢) Means shall be provided for di-
rectional confrol of the airplane during
taxling.

§ 4b.171-1 Procedure for demonstrai-
ing direction stability and control on
the ground (FAA policies which ap-
ply to § 4b,171).

{a) Compliance with the requirement
of §84b.171¢(a) may be demonstrated
during tests for the establishment of
the cross wind component velocity in
accordance with § 4b.173.

{b) Compliance with the requirement
of §4b.171 (b) may be demonstrated
during power off landings in other tests.

(c) Compliance with the requirement
of §4b.171 (¢} may be demonstrated
during faxiing prior to take-off or afier
landing from other flight tests.

[Supp. 24, 18 P. R. 4460, July 20, 1954]
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§4h.171-2 Directional stability and
eontrol with reverse thrust (FAA pol-
icies which apply te § 4h,171).

The policies ouflined in §4h.402-1

(a), (d), and (e) will apply.

{Supp. 25, 20 F, R. 2278, Apr. 8, 1955]

§ 4b.171-3 Directional stability and
control with an antiskid device in-
stalled (FAA policies which apply 10
§ 4b.170).

The policies outlined in § 4b.337-4 will
apply.

{Supp. 28, 21 F. R. 25658, Apr. 19, 1956)

§ 4h.172 Shock absorption.

The shock absorbing mechanism shall
not produce damage to the structure
whenr the airplane is taxied on the
roughest ground which it is reasonable
fo expect the airplane to encounter in
normal operation.

§4b.172-1 Shock absorbing mechanism
tests (FAA policies which apply to
§ 4b.172).

The shock absorbing mechanism
should be checked for satisfactory op-
eration while taxiing, taking-of and
landing during other tests in the type
certification program.

[Supp. 24, 19 F. R. 4460, July 20, 1954]

§ 4b.173 Demonsirated cross wind,

There shall be established a cross
component of wind veloecity at which it
has been demonstrated to be safe to take
off or land.

§4b.173-1 Cross wind demonstration
(FAA policies which apply 1o

§ 4b.173).
(a) Cross wind component, A cross
wind component of not less than 0.2 V.,

should be established during type tests. -

Conseguently, two results are possible:
(1) A cross wind component may be
established at & value which is not mar-
ginal with the airplane’s handling char-
acteristics. This value should be in-
cluded in the Operating Procedures sec-
tion of the Airplane Flight Manual. The
operation of the aircraft in eross winds
greater than the value specified is not
necessarily a hazard., Thus operation in
cross winds of a greater value is entirely
within the discretion of the operator.

(2) A critical cross wind component
may be established at a value which is
considered the maximum up to which it
is safe to operate the airplane on the
ground, including take-offs and landings.

§ 4b.1¢

This value should be shown in the Oper
atmg Limitations section of the Airplarn
Flight Manual. Operation of the aix
plane in cross winds above the maxi
mum safe value is considered hazardo;
and the operator should do so only o
the same emergency basis that a pilc
would be justified in exceeding any o
the operating limitations such as ai
speed, engine rpm, C. G. limitations, etc

(3) An operator may of course restric
tk;e operation of his airplane to cros
wind components of any value equal t
or less than that established during th
type certification tests.

tb) Configuration. This test shoulc
be conducted in the conficurations thai
follow:
Welght—Maximwm take-off and landing,
C. G. position-—Most aft.

Flaps—Take-off and maximum landing posi.
tions.

(c) Test procedure and required data.
At least three take-offs and landings
should be made in cross wind compo-
nents of 0.2 Vs, mph (or greater at ap-
plicant's option) to demonstrate satis-
factory controllabllity and handling
characteristics. The magnitude and di-
rectl.on of the cross wind should be es-
tablished by the use of appropriate
meteorological instruments.

{Supp. 24, 19 F. R. 4460, July 20, 1954]

§ 4h.173-2 . Ground handling character-
istics with reverse thrust (FAA pol-
icies which apply 1o § 4b.173).

The policies outlined in § 4b.402-1
and (d) will apply. @

{Supp. 23, 20 F, R. 2278, Apr. B, 1355]

WATER HANDLING CHARACTERISTICS
§ 4h.180 Water conditions,

The most adverse water conditio
which the seaplane has been denn'.tsorilt:
strated to be safe for take-off, taxiing
and alighting shail be established. '
[Amdt. 4b.8, 17 FR. 1089, Feb. 5, 1952]

§ 4b.180-1 Water handling qualities
(FAA policies whicl
Cat1aly i which apply to
Policles outlined in § 4b.182-1 will
apply.
[Supp. 24, 19 F. R, 4461, July 20, 1954]

§4b.18} Wind conditions.

The following wind velociti
established: ttles shall be

<g) A lateral component of wind ve-
locity not less than 0.2V, at and below
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§ 4b,181-1

which it has been demonstrated that the
seaplane is safe for taking off and alight-
ing under all water conditions in which
the seaplane is likely to be operated;

{ry A wind velocity at and below
which it has been demonstrated that the
seaplane is safe in taxiing in all direc-
tions. under all water conditions in
which the seaplane is lkely to be
operated.

{Amadt. ¢b-6, 17 F.R. 1089, Feb. 5, 1852]

§4b.181-1 Cross wind demonsiration
(FAA policies which apply to

§ 4b.181).
Policies outlined in §4b.173-1 will
apply.

{Supp. 24, 19 F. R. 4461, July 20, 1854]
§ 4b.182 Control and stability on the

water,
(a) In taking off, taxiing, and alight-
ing, the seaplane shall not exhibit the

following:
(1> Any dangerously uncontrollable

porpoising, bouncing, or swinging
{endency; . )
(2) Any submerging of auxiliary

floats or sponsons, any immersion of
wing tips, propeller blades, or other
parts of the seaplane which atre not de-
signed to withstand the resulting water
loads;

(2) Any spray forming which would
impair the pilot's view, cause damage to
the seaplane, or result in ingress of an
undue quantity of water.

() Compliance with paragraph (a)
of this section shall be shown under the
following conditions:

(1) All water conditions from smooth
to the most adverse condition established
in accordance with § 4b.180; :

(2) All wind and cross-wind velocltles,
water currents, and associated waves and
swells which the seaplane is likely to
encounter In operation on water;

(3) All speeds at which the seaplane
ia likely to be operated on the water;

(4) Sudden failure of the critical en-
zine, occurring at any time while the
airplane is operated on water;

{5) All seaplane weights and center
of gravity positions within the range of
loading conditions for which certifica-
tion is sought, relevant to each condi-
tion of operation,

(¢) In the water conditions of para-
graph (b) of this section and the cor-
responding wind conditions the seaplane
shall be able to drift for 5 minutes with
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engines inoperative, alded if necessary
by a sea anchor,
[Amdt, 4b-6, 17 F. R. 1089, Feb, G, 1952}

§ 4b.182-1 Proccdure for demonstral-
ing contrel and stahility on the water
(FAA policies which apply to
§4b.182).

(a) In order to check water stability,
taxiiznig tests should be made in a cross
wind determined in accordance with
§ 4b.181.

(h) Porpeoising tendencies should be
investigated and reported for extreme
loading conditions.

(¢) The ability to maneuver up to
and while on the step should be investi-
gated and the results reported.

(d) Compliance with the spray re-
guirements may be substantiated while
taxiing, taking off, and landing during
other tests in the type certification
program.

(e) If water rudders are provided,
their effectiveness should be checked.

() Water taxiing ability should he
investigated by actually taxiing the sea-
plane with appropriate use of power,
[Supp. 24, 19 F. R. 4461, July 20, 1954]

§ 4b.182-2 Control and stability on the
water with reverse thrust (FAA pol-
icies which apply to § 4b.182).

The policies outlined in § 4b.402-1
(8), (&), (f), and (k) will apply.
(Supp. 25, 20 F. R. 2278, Apr. B, 1953]

MisCELLANEOUS FLIGHT REQUIREMENTS

§ 45.190 Fluiter and vibration.

(a) All parts of the airplane shall be
demonstrated in fllght to be free from
flutter and excessive vibration under all
speed and power couditions appropriate
10 the operation of the alrplane up to at
least the minimum value permitted for
Vo in §4b.21000 (5). The maximum
speeds so demonstrated shall be used In
establishing the operating limitations of
the alrplane in accordance with § 4b.711.

{b) There shall be no bufleting con-
dition in normal flight severe enough to
interfere with the control of the air-
plane, to cause excessive fatigue to the
crew, or to cause structural damage.
(See also § 4b.308.)

[156 F. R. 3543, June 8, 1950, as amended by
Amdt, 4b-7. 17 F. R. 11631, Deo, 20, 1962]

81t 1s not the intent of this requirement
to discourage such gtall warning buffeting
as does not contradict tnese provisions.
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8 4b.190-1 Dectermination of flutter
and vibration qualities during dive
(FAA policies which apply 1w
§ 4b.190).

(a) Qbservation for tendencies. The
airplane should be observed for fiutter
and vibration iendencies during other
tests in the type certification program.
In case the design speed is limited at
altitude by Mach number, the dive
should be conducted at a combination of
pressure altitudes and eguivalent alr
speed to permit attaining the desired
maximum Mach number and dynamic
pressure simultaneously. Stability and
cantrol qualities should be noted during
the dive.

(b) Configuration. This test should be
conducted in the configurations that fol-
low: '

(1) Mazimum take-off weight.

C. G. Position—Most aft.

Wing flaps-—Retracted and take-off position,
Landing gear—Retracted.

Engines—Power as desired.

Cocling controls—Optional.

Pneumatic boote—Inoperative.

(2) Mazimum landing weight.

C. G. position—Most rearward.

Wing flaps-——Approach and landing positions.
Landing gear—Extended.

Engines—Power as deslred.

Cooling controls—Optional,

Paneumatic boots—Inoperative.

(¢) Test procedure and reguired data.
The speed of the airplane should be
slowly increased, from a steady flight
high speed condition, until the maximum
calibrated design dive speed for maxi-
mum take-off weight is atiained. The
power and trimm may be adjusted during
the dive. The dive should ke entered at
a sufficiently high altitude to lnsure sale
recovery. Incasethe design speedislim-
ited at altitude by Mach number, the
airplane should be dived at constant
Mach number (maximum design or high-
est desired by the applicant—but in no
case less than that specified in § 4h.21¢
(o) (5)) until the maximum equivalent
design dive speed is attained. The test
should be repeated at maximum landing
weight with flaps and gear extended div-
ing to the maximum design flap speed or
speeds.

CavrionN: Throughout these tests any con-
trol displacements should be executed gently.

§ 4b.191

(1) The following data should he re-
corded for each test:
Pressure altitude.
Ambient air temperature.
Indicated alr speed.
Machmeter reading (If applicabie),
Engines, rpm and manifold pressure,
Wing flap position.
Landing gear position.
Welght.
C. G. poaftion,

[Supp. 24, 19 F. R. 4461, July 20, 1p54]
§ 4b.191 High-speed characteristics,

fa)A Speed increase and recovery char-
acteristics. (1) Operating conditions or
characberistics likely to cause inadvert-
ent speed increases, including upsets in
pitch and roll, shall be simulated with
the airplane trimmed at any likely
cruise speed up to Vmo/Muo. Allow-
ing for pilot reaetion time after ef-
fective inherent or artificial speed warn-
Ing occurs {see § 4b.603 (k) )}, it shall be
demonstrated that the airplane can be
recovered to & normal attitude and its
spced reduced te Vio/Muio without re-
quiring exceptional strength or skill on
the part of the pilot, without exceeding
Vo/Mb, Vor/Mpr, or the structural limi-
tations, and withont producing buffeting
which would cause structural damasge,

Note: Examples of operating conditions or
characteristics likely to cause speed Increases
are: gust Upsets, inadvertent control move-
ments, low sfick forece gradlent in relation
to control friction, passenger movement,
leveling off from climb, and descent from
Mach to airspeed limit altitudes.

(2) At all speeds up to Vor/Mpr,
there shall be no control reversal. Any
reversal of elevator control force or
tendency of the airplane to pitch, roll,
or yaw, shall be mild and readily con-
trollable using normal piloting techhigue.

(b} Maximum speed for stability
characteristics, Vre/Mre. Vre/Mrc shall
be the maximum speed at which the re~
quirements of §§4b.132(e), 4b.155(a),
4b.156, 4b.157(a}, 4b.I57(b), and 4b.158
are required to be met with flaps and
landing gear retracted. Tt shall not be
less than a speed halfway between
Vmo/Muo and Vor/Mopr, except that in
the altitude range where Mach number
is the limiting factor, Mrc need not ex-
ceed the Mach number at which effec-
tive speed warning occurs,

[Amdt. 4b-12, 27 F.R. 2000, Mar, 30, 1962]
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§ 4b.200

Subpart C—Structure
GIENERAL

§ 41200 Loads.

Strength requirements of this subpart
are specified in terms of limit and ulti-
mate loads. Unless otherwise stafed, the
specified loads shall be considered as
limit loads. In determining compliance
with these requirements the following
shall be applicable:

(a) The factor of safety shall be 1.5
unless otherwise speclfied. '

(b) Unless otherwise provided, the
specifted air, ground, and water loads
shall be placed in equilibrium with
inertia forces, considering all ltems of
mass In the airplane. :

(c) All loads shall be distributed in a
manner closely approximating or con-
servatively representing actual condi-
tions.

(d) If deflections under load signifi-
cantly change the distribution of exter-
nal or internal loads, the redistribution
shall be taken into account.

§ 45h.201 Strength and deformation,

(a) The structure shall be capable of
supporting limit loads without suffering
detrimental permanent deformations.

(b) At all loads up to limit loads the
deformation shall be such as not to inter--
fere with safe operation of the alrplane.

(¢} The structure shall be capable of
supporting ultimate loads without fail-
ure. It shall support the load for at
least 3 seconds, unless proof of strength
1s demonstrated by dynamle tests simu-
gxtmg actual conditions of load applica~

on, .

(d) Where structural flexibility is such
that any rate of load application likely
to occur in the operating conditions
might produce transient stresses appre-
ciably higher than those corresponding
with static loads, the effects of such rate
of application shall he considered.

[15 ¥. R. 3548, June 8, 1960, as amended by
Amadt, 4-6, 17 F. B. 1080, Feb, 5, 1852]

§ 4b,202 Proof of structure.

{a) Proof of compliance of the sirue-
ture with the strength and deformation
requirements of § 4b.20) shall be made
for all critical loading conditions,

(b} Proof of compliance by means of
structural analysis shall be acceptable
only when the structure conforms to
types for which experience has shown
such methods to be religble. In all other
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cases substantiating tests shall be re-
quired.

(¢) In all cases certain pertions of the
structure shall be tested as specified in
§ 4b.300.

(d) Proof of compliance of the struc-
ture with the fatigue evaluation require-
ments of § 4b.270 sball be made.

[16 P. R. 3648, June 8, 1950, as amended by
Amdt. 4b-3, 21 F. R. 090, Feb. 11, 1956]

PFricur LOADS

& 4h.210 General.

Flight load requirements shall be com-
plied with at critical altifudes within the
range selected by the applicant at all
weights from the design minimum weight
to the maximum weight appropriate to
each particular flight condition, with any
practicable distribution of disposable
load within prescribed operating limita-
tions stated in the Airplane Flight Man-
ual. (See §4b.740.) Compressibility
effects shall be taken into account at all
speeds.

(a) Flight load factor. The flight
load factors specified in this subpart
shall represent the component of accel-
eration (n terms of the gravitational
constant. ‘The flight load factor shall
be assumed to act normal to the longi-
tudinal axis of the airplane, shall be
equal In magnitude, and shall ke oppo-
site in direction to the airplane inertia
load factor at the center of gravity.

(b) Design air speeds. The design air
speeds shall he equivalent air speeds
(EAS) and shall be chosen by the appli-
cant, except that they shall not be less
than the speeds defined in subpara-
graphs (1) through (5) of this para-
graph. Where estimated values of the
speeds Vs, and Vi, are used, such esti-
mates shall be conservative.

(1) Design flap speeds, Vr. The de-
sign flap speed for each flap position
gstablished in accordance with § 40,323
(a) shall be sufficiently greater than the
operating speed recommended for the
corresponding stage of fight (including
balked landings) to allow for probsable
variations in control of airspeed and for
transition from one flap position to an-
other. Vr shall be not less than:

() 1.6 Vs, with flaps in takeoff posi-
tion at maximum takeoff weight;

(D 1.8 V., with flaps in approach
position at maximum landing welght;
and

(i) 1.8 V., with fiaps in landing
position at maximum landing weight.
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Where an automatic flap positioning or
load limiting device is employed, it shall
he perniissible t0 use the speeds and cor-
responding flap positions programmed or
pe;'mitted by the device., (See § 4b.323
().

(2) Design maneuvering speed, Va.
The design maneuvering speed, Va, shall
be equal to Vs, 7z where z is the limit
positive maneuvering load factor at Ve
(see §4b211ca)) and Vy, is the stall-
ing speed with flaps retracted. Both Vi
and Vs shall be evaluated at the design
welght and altitude under consideration.
V4 need not be greater than Ve or the
speed at which the positive Cw,,, curve
Intersects the positive maneuver load
factor line, whichever is the lesser, (Sece
figure 4b-2.)

(3) Design speed for mazimum gust
intensity, Va. Vs shall be elther the
speed determined by the intersection of
the line representing the maximum
positive Uit Cn,, and the line vepresent-
ing the rough air gust velocity on the
gust V-n diagram or (-\/n,;) Vs,, which-
ever is {he lesser; where ny is the positive
airplane gust load factor due to gust at
speed Ve in aceordance with § 4b.211 (b)
(2) at the particular weight under con-
sideration and V,, is the stalling speed
with flaps retracted at the particular
welght under consideration. Ve need
not be greater than Ve,

(4) Design cruising speed, Vo The
minimum design cruising speed V, shall
be sufficiently greater than V, to provide
for inadvertent speed increases likely to
occur 25 a result of severe atmospheric
turbulence. In the absence of a rational
investigation substantiating the use of
other values, 'V, shall not be less than
V2450 (m. p. h.), except that it neea
not exceed the maximum speed in level
flight at maximum continuous power
for the corresponding altitude. At altl-
tudes where Vp is limited by Mach num-
ber, it shall be acceptable to lmit V¢
to & Mach number selected by the appli-
cant. (See § 4b.711.)

(8) Design dive speed, Vo. The de-
sign dive speed chosen by the applicant
shall be used in determining the maxi-
mum operating limit speed for the air-
plane in accordance with § 4b.711,

() Design fuel and oil loads. The dis-
posable load combinations shall include
all fuel and oll loads in the range from
zero fuel and oil to the meaximum fuel
and oil load selected by the ap-

§ 4b.211

plicant. It shall be permissible for the
applicant to select a structural reserve
fuel condition not exceeding 45 minutes
of fuel under operating conditions de-
fined in § 4b.437 (e). 1If a structural re-
serve fuel condition is selected, it shall be
used as the minimum fuel weight condi-
tion for showing compliance with the
flight load requirements as prescribed in
this subpart, in which case, the provisions
of subparagraphs (1) through (3) of this
paragraph shall apply.

(1) The structure shall be designed
for a condition of zero fuel and oil in
the wing at limit loads corresponding
with:

(di) A maneuver load factor of 42.25,
an

(i) Gust Intensities equal to 85 per~
?gr)lt of the values prescribed in § 4b.211

(2) Fatigue evaluation of the struc-
ture shall take Into account any increase
in operating stresses resulting from the
design condition of subparagraph (1) of
this paragraph (see § 4b.270).

(3) The flutter, deformation, and vi-
bration requirements shall also be met
with zero fuel {(see § 45.308).

[15 F. R. 3543, June 8, 1950; 156 F. R. 4171
June 28, 1850, &s amended by Amdt. 4b-8, 16
F. R. 2214, Apr, 18, 1953; Amdt. 4b-2, 20 F, R.
5305, July 26, 1955; Amdt. 4b-3, 21 F. R, 990,
Feb. 11, 1986; Amdt. 4b-6, 22 F.R. 5564,
July 18, 1957; Amdt. 4b-11, 24 F.R. 7068,

Sept, 1, 1959; Amdt, 4b-12, 27 F.R. 2990
10, 1062]  Mar

§ 45,211  Flight envelopes.

The strength requirements shall be
met at all combinations of air speed and
load factor on angd within the boundaries
of the Von diagrams of figures 4b-2 and
4b-3 which represent the maneuvering
and gust envelopes. These envelopes
shall also be used in determining the air-

‘plane structural operating limitations as

specified in § 4b.710.

(a) Maneuvering load Jjactors. (See
fig. 4b-2.) The airplane shall be assumed
to be subjected to symmetrical maneuvers
respltmg in the limit load factors pre-
scribed in subparagraphs (1) and (2) of
this paragraph, except where limited by
maximum (statied 1Uft coefficients.
Pitching velocities appropriate to the
corresponding pull-up and steady turn
maneuvers shall bhe taken into account.
Lower values of maneuvering load factor
shall be acceptable only if 1t is shown
that the airplane embodies features of
design which make it impossible to ex-
ceed such values in flight.
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§ 4b.211

(1) The positive mancuvering load
factor n for any filght speed up to Vp
shall be selected by the applicant, ex-
cept that it shall not be less than 2.5

(2) The negative maneuvering load
factor shall have a minimum value of
—1:0 at all speeds up to V,, and it shall
vary linearly with speed from the value
at V, to zero at V),

(b} Gust logd factors. The zirplane
shall be assumed to be subjected to sytn-
metrical vertical gusts while in level
flight. The resulting limit load factors
shall correspond with the conditions pre-
scribed In subparagraphs (1) through
(5) of this paragraph. The shape of the
gust shall be assumed to be:

_..Ude _ g:n's
V=g (1 Y
where:

s=dlstance peneirated lnto gust {ft.);
C'=mean geometric chord of wing (ft.);
Uyp==derived gust veloelty referred to in
subparagraphs (1) through (3} of

this paragraph {fps}).

3 J* Cy MaX
FLAPS UP

+CN MaX
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(1) Positive (up) and negative (down)
rough air gusts of 66 fps at the speed Vr
shall be considered at altitudes between
sea level and 20,000 feet. At altitudes
above 20,000 feet, it shall be acceptable
to reduce the gust veloecity linearly from
66 fps at 20,000 feet to 38 fps at 50,000
feet. -

(2) Positive and negative gusts of 50
ips at the speed Ve shall be considered at
altitudes between sea level and 20,000
feet. At altitudes above 20,000 feet, it
shall be acceptable to reduce the gust
velocity linearly from 50 fps at 20,000
feet to 25 fps at 50,000 feet.

(3) PBositive and negative gusts of 25
fps at the speed Vp shall be considered
at altitudes between sea level and 20,000
feet. At altitudes above 20,000 feet, it
shall be acceptable to reduce the gust
velocity linearly from 25 fps at 20,600
feet to 12.5 fps at 50,000 feet.

(4) Gust lead factors shall be assumed
to vary linearly heiween the specified
conditions B’ through G’, as shown on
the gust envelope of Figure 4b-3.

o

o t

o

& I

Q Uy [

: 0 ~

a WEQUIVALENT" AIR SPEED |
)

S =

- |

-1

FLAPS UP

P1oURE 452 ~~MANEUVERING ENVELOFE,

[Amat. 4b~-11, 24 F.R. T073, Bept. 1, 1959}
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§ 4b.212

"EQUIVALENT AIR SEEED

LOAD FAGTOR,

FigoRre 4b-3—Gust envelope.
Load factor vs. velocity, (V-n) diegram,

(5} In the absence of a more rational
analysis, the gust load factors shall be
computed in accordance with the fol-

lowing formula:
_ K,Udz‘l’a
=1t e W)

=_"7 —pust alleviztlo actor;
2 5.3+ﬂg g n 1

g=—-——— =airplane mass ratio;
sCag
Uge=derlved gust velocitles referred to in
subparagraphs (1) through (8) of
this paragraph {fps):
p=deneity of alr (slugs/cu. It.);
W/8=wing loading (psf);
C=mean geometric chord (f1.);
g=acceleratlon due to gravity (ft./
sec.?);
¥V =uairplane equivalent speed (knots);
e¢=slope of the airplane normal force

coeficient curve Oy 4 Per radien .
if the gust loads are applied to

the wings and horlzontal tall gur-
faces simultanecusly by & ratlonal
method. It shall be acceptable to
use the wing lift curve slope Cy
- per radisn when the gust load Is
applied to the wings only and the
horizontal tail gust loads are
treated as a separate condition,
{15 F. R. 3543, June 8, 1850; 16 ¥. R. 4171,
June 29, 1950, as amended by Amdt, 4b-6,
17 F. R, 1089, Feb. 6, 1852; Amdt. 4b-3, 21
. R. 980, Feb. 11, 1856]

§ 4b.212 Effect of high lift devices.

(a) When flaps are infended for use
during takeoff, appreach, or landing, the

airplane shall be assumed to be subjected
to symmetrical maneuvers and gusts
within the range determined by the fol-
lowing conditions, at the design flap
speeds established for these stages of
flight in accordance with § 4b.210(h (1)
and with the flaps in the corresponding
positions,

(1) Maneuvering to a posilive limit
load factor of 2.0,

(2) Positive and negative 26 fps de-
rived gusts acting normal to the flight
path in level Night.

() When flaps or similar high lft
devices are intended for use in en route
conditions (e. g., as speed brakes) the
airplane shall be assumed to be subjected
to symmetrical maneuvers and gusts,
with flaps in the appropriate position at
speeds up to the flap design speed ¢chosen
for this condition, resulting in limit load
factors, within the range determined by
the following conditions:

(1} Maneuvering to a positive limit
load factor of 2.5,

(2) Positive and negative derived
gusts as preseribed in § 4b.211 (b) acting
normal to the flight path in level flight,

(¢) The airplane shall he designed
for the conditions prescribed in para-
graph {(a) of this section, except that
the airplane load factor need not ex-
ceed 1.0, taking into account the follow-
ing effects as separate conditions:

(1) Propeller slipstream correspond-
ing with maximum continuous power at
the design fiap speeds Ve, and with take-
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§ 46,213

off power at not less than 1.4 times the
stalling speed for the particular fap posi-
sionn and associated maximum weight;
and’
(2 A head-on gust of 25 feet per
. second velocity (EAS).
[156 F. R. 3543, June 8, 1850, as amended by
Amat. 4b-8, 17 ¥, R, 1089, Feb. §, 1952; Amas.
4b-2, 20 F. R. 5305, July 26, 1855; Amdt. 4b-3,
21 F.R. 991, Feh. 11, 1956, Amdt. 4b-6, 22
F.R. 5564, July 16, 1957; Amdt, 4b-12, 27
F.R. 3990, Mar. 80, 1962]

§ 4b.213 Symmetrical flight conditions.

(a) Procedure of analysis. In the
analysis of symmeirical flight condi-
tions at least those specified in para-
graphs (b)), (e), and (d)} of this section
shall be considered. The foilowing pro-
cedure of analysis shall be applicable:

(1) A sufficient number of points on
the maneuvering and gust envelopes

shiall be investigated to insure that the

maximum load for each part of the air-
plane structure is obtained. It shall be
acceptable to use & conservative com-
hined envelope for this purpose.

(2) All significant forces acting on the
airplane shall be placed in equiltbrium
in a rational or a conservative manner,
The linear inertia forces shall be con-
sidered in equilibrium with wing and
horizontal tail surface loads, while the
angular (pitching) inertia forces shall
be considered in eguilibriumm with wing
and fuselage aerodynamic moments and
horizontal tafl surface loads.

(3) Where sudden displacement of a
control is specified, the assumed rate of
displacement need not exceed that which
actually could be applied by the pllot.

(4) In determining elevator angles and
chordwise load distribution in the ma-
neuvering conditions of paragraphs (b)
and (c) of this section in turns and pull-
ups, account shall be taken of the effect
of corresponding pitching velocities.

(b) Maneuvering balanced conditions.
The maneuvering condifions A through
I on the maneuvering envelopne (fig. 4b—
2) shall be investigated, assuming the
airplane to be in equilibrium with zero
pitching acceleration.

(e) Maneuvering pitehing conditions.
The following conditions Involving pitch-
Ing accelerstion shall be investigated
(see figure 4b-2) :

(1) Marimum elevator displacement
at speed Va. The airplane shall be as-
sumed to be flying in steady level flight
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(point 4, on figure 4b-2) and the pitch-
Ing contreol suddenly moved to obtain
extreme positive pitching (nose up) ex-
cept as limited by pilot effort in accord-
ance with § 4b.220¢a).

(2) Checked muaneuver at speeds be-
tween V4 and Vp. The airplane shall be
assumed to be subjected to a checked
maneuver from steady level flight (points
A, to D; on figure 4b-2) and from the
positive load factor (points 4. to D. on
figure 4b-2) as follows:

(i) A positive pitching acceleration
(nose up), equal o at least the following
value, shall be assumed to be attained
concurrently with the airplane load
factor of unity (points 4, to D, on figure
4h-2) unless it is shown that lesser values
could not be exceeded:

%gon (n—1.5) (radians/sec.t)

where n is the positive load factor (see
§ 4b.211(a)(1}), at the speed under con-
sideration, and V is the airplane equiva-
lent speed, knots.

(ii) A negative pitching acceleration
(nose down) equal to at least the follow-
ing value shall be assumed to be attained
concurrently with the airplane positive
maneuvering load factor (points 4; to Ds
on figure 4b-2) unless it is shown that
lesser values could not be exceeded:

2
-.,—gn {n—1.5) {radians/see.?)

where 7 {s the positive load factor (see
§ 4b.211(a) (1)), at the speed under con-
sideration, and V is the airplane equiva-
lent speed, knots.

(3) Specified conitrol displacement. In
lieu of subparagraph (2) of this para-
graph, & checked maneuver based on a
rationgal pitching control motion vs. time
profile may be established such that the
design limit load factor as defined in
§ 4b.211(a) (1) will not be exceeded. The
alrplane response shall result in pitching
accelerations not less than those specified
in subparagraph (2) unless it is shown
that lesser values cannot be exceeded.

(d) Gust conditions. The gust con-
ditions B’ through J’ on figure 4h-3
shall be investigated. The following pro-
visions shall apply:

(1) The air load increment due to a
specifled gust shall be added to the
initial balancing tail load corresponding
with steady level flight.
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(2) It shall be acceptable to include
the alleviating effect of wing down-wash
and of the airplane’s motion in response
to the gust in computing the tail gust
Ioad increment,

(3) In licu of a rational investigation
of the airplane response it shall be ac-
ceptable to apply the gust factor Ky (see
§4b.211 ¢b)) to the specified gust in-
tensity for the horizontal tail
[16 F. R. 35643, June 8, 1950; 15 F. R. 4171,
June 29, 1950, as amended by Amdt, 4b-3, 21
F.R. 991, Feb, 11, 1856; Amdt. 4b-11, 24
P.R. 7068, Sept. 1, 1859]

§ 4b.214 Rolling conditions.

The airplane shall be designed for
rolling loads resulting from the condi-
tions specified in paragraphs (a) and
(bY of this section. Unbalanced aero-
dynamic momenf{s about the center of
gravity shall be reacted in a rational
or a conservative manner considering
the principal masses furnishing the re-
acting inertia forces.

() Maneuvering. The following con-
ditions, aileron deflection, and speeds,
except as the deflections may be limited
by pilot effort (see § 4b.220 (a)), shall be
considered in combination with an air-
plane load factor of zero and of two-
thirds of the positive maneuvering factor
used in the design of the airplane. In
determining the reqguired aileron deflec-
tions, the torsional flexibility of the wing
shall be taken into account in accord-
ance with § 4b.200 <d).

(1) Conditions corresponding with
steady rolling velocity shall be investi~-
gated. In addition, conditions corre-
spondlng with maXimum angular
acceleration shall be investigated for alr-
planes having engines or other weight
concentrations outboard of the fuselage.
For the angular acceleration condiilons,
it shall be acceptable to assume 2zero
rolling velocity in the absence of & ra-
tional time history investigation of the
maneuver.

- {2) At speed V, a sudden deflection of
the ajleron to the stop shall be assumed.

(3) At speed V, the aileron deflection
shall be that required to produce a rate
of roll not less than that obtained in con-
dtion (2) of this paragraph.

(4) At speed V, the alleron deflection
shall be that required to produce a rate
of roll not less than one-third of that
in condition (2) of this paragraph.

$ 4b.21

(b)Y Unsymmetrical pusis. The con
dition of unsymmetrical gusts shall b
considered by modifying the symmetrica
flight conditions B’ or C’ of figure 4b-3
whichever produces the greater 1oag fac-
tor. It shall be assumed that 100 per-
cent of the wing air load acts on one sige
of the azirplane, and 80 percent acts or
the other side,

[15 F. R. 3543, June 8, 1950, as amended by
Armdt, 4b-6, 17 F. R. 1089, Feb. 5, 1952]

§ 4b.215 Yawing conditions.

The airplane shall be designed for
loads resulting from the conditions specg-
ified in paragraphs (a) and (b) of
this section. Unbalanced aerodynamic
moments about fhe center of gravity
shall be reacted in a rational or a con-
servative manner considering the prin-
cipal masses furnishing the reacting
inertia forces.

(8) Maneuvering. At all speeds from
Viarc to Va4 the followlng maneuvers shall
be considered. In computing the tail
loads it shall be acceptable to assume the
yawing velocity to be zero.

(1> With the alrplane in unacceler-
ated flight at Zzero yaw, it shall be
assumed that the rudder control is
suddenly displaced to the maximum de-
fleetion as Mmited by the control stops
or by a 300 1b. rudder pedal force, which-
ever is critical.

(2) With the rudder deflected as speci-
fled in subparagraph (1) of this para-
graph it shall be assumed thati the
airplane yaws t0 the resulting sideslip
angle.

(3> With the alrplane yawed to the
static sideslip angle corresponding with
the rudder deflection specified in sub-
paragraph (1) of this paragraph, 1t shall

- be assumed that the rudder is returned

to neutral. :

() Lateral gusls, The airplane shall
be assumed to encounter derived gusts
normal to the plane of symmetry while
in unaccelerated flight. The derived
gusts and airplane speeds corresponding
with conditions B’ through J’ on Figure
4h-3 as determined by §§ 4b.211 (b) and
4b.212 (3) (2} or §4h.212 (b) (2) shall
be investigated, The shape of the gust
shall be as specified in § 4b.211 (b), In
the absence of o rational investigation of
the alrpiane's response to a gust, it shali
be accepiable to compute the gust load-
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§ 4b.216

ing on the vertical tall surfaces by the
following formula:

_ thUd,VatS,, .
T T !
where:
L;=vertlcal tail load {ibs.);
0.884,,
0= :‘3—.3_% =gust alleviation factor;
2 K1
Bgy= _2F (—) =lateral mass ratio;
oa,gatst lt

Uge=derived gust velocity (Ips);
p=alr deasity (slugs/cu. 1t.};
W =airplane weight (lbha.);
Sp=uarea of vertical tail (ft.3);
C:=wmean geometric chord of vertical
surface (ft.):
ag= 111t curve slope of vertical tall (per
radian);
K =radius of gyration In yaw (ft.);
{;=distance from afrplane ¢. G. to ift
center of vertical surface (It.);
g=acceleration due to gravity (ft./
sec.3);
V=airplane equivalent speed (knots).
{16 F. R. 3543, June 8, 1950, as amended by
Amdt. 4b-8, 17 F. R. 1089, Feb. b. 1952; Amuclt.
4b-3, 21 F. R. 991, ¥eb. 11, 1956; 21 ¥F. R.
1088, Febh, 17, 1866]

§ 4b.216 Supplementary flight condi-
tions.

(a) Engine torque effects. Engine
mounts and their supporting structures
shall be designed for engine torque ef-
fects combined with basic flight condi-
tions as described in subparagraphs (1)
through (3) of this parsgraph. The
limit torque shall be obtained by multi-
plying the mean torque by a factor of 1.33
In the case of engines having 5 or more
cylinders. For 4, 3, and 2-cylinder en-
gines, the factors shall be 2, 3, and 4,
respectively. i

(1) The lmit torque corresponding
with take-off power and propeller speed
shall act simultaneously with 75 percent
of the limit loads from flight condition A
(see fig. 4b=-2).

(2) The limit torque corresponding

" with maximum continuous power and
propeller speed shall act simultanecusly
with the limit loads from flisht condition
4 (see fiz. 4b-2). SR N

(3} For turblne propeller installa-
tions, in addition to the conditions speci-
fled in subparagraphs (1) and (2) of this
paragraph, the limit torque correspond-
ing with takeoff power and propeller
speed multiplied by a factor of 1.6 shall
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be considered to act simultaneously with
lg level fight loads,

(4) For turbine engine Installations,
the limlit torque load imposed by sudden
engine stoppage due to malfunection or
structural failure (e. g., compressor jam-
up) shall be considered in the design
of the engine mounts and supporting
structure.

For turbine propeller installations the
limit torque shall be obtained by multi-
Ilaléréng the mean torgue by a factor of

(b) Side load on engine mount. The
limit load factor in a lateral direction
for this condition shall be equal to the
maximum obtained in the yawing condi-
tions, but shall not be less than either
1.33 or one-third the limit Ioad factor for
flight condition A (see flg. 4b-2). En-
gine mounts and their supporting struec-
ture shall be designed for this condition
which may be assumed independent of
other flight conditions.

(c) Pressurized cabin loads. When
pressurized compartments are provided
for the occupants of the airplane, the
following requirements shall be met.
(See § 4b.373.)

(1) The girplane structure shall have
sufficient strength to withstand the flight
loads combined with pressure differen-
tial loads from zero up to the maximum
relief ‘valve setting. Account shall be
taken of the external pressure distribu-
tion in fiight. Stress concentration and
Iatigue effects shall be accounted for
in the design of pressure cabins (see
§ 4b.2%70),

(2) If landings are to be permitted
with the cabin pressurized, landing loads
shall be combined with pressure differen-
tial loads from zero up to the maximum
to be permitted during landing.

(3) The airplane structure shall have
sufficient strength to withstand the pres-
sure differential loads corresponding
with the maximum relief valve setting
multiplied by a factor of 1.33. It shall
be acceptable to omit all other loads in
this case.

- (4) Where a pressurized cabin is sepa-~
rated into two or more compartments by
partitions, bulkheads, or floors, the
structure supporting the preseribed flight
and ground loads and cther structure the
failure of which could interfere with con-
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tinued safe flight and landing of the alr-
plane, shall be designed to withstand the
effects of sudden release of pressure in
any comparfment through an opening
resulting from the failure or penetration
of an external door, window, or wind-
shield panel, or from structural fatigue
or penetration of the fuselage in such
compartment unless it is shown that the
probability of failure or penetration is
extremely remote. In determining the
probability of failure or penhetration and
probable size of openings, it shall be ac-
ceptable to take into account fail-safe
features of the design, provided possible
improper operation of closure devices
and inadvertent door openings are also
taken into account. It shall be accept-
able to take into account pressure relief
provided by intercompartment venting.
1t can be assumed that parts of the air-
plane, other than the structure specified
in this paragraph, may be damaged, in
which case reasonable design precau-
tions shall be taken to minimize the
probability of parts becoming detached
which may injure occupants while in
their seats.

NoTe: The aforementloned precautlons
might include, for example, designing in-
ternal doors so that they will remain attached
to supporting structure even though forced
open by differentlal pressure.

(d) Unsymmetrical loads due to en-
gine failure. The airplane shall be de-
signed for the unsymmetrical loads re-
sulting from the failure of the critical
engine. Turbopropeller airplanes shall
be designed for the conditions prescribed
in subparagraphs (1) through (4) of this
paragraph in comhination with a single
malfunction of the propeler drag limit-

ing system (see § 4b.408}, taking into ac- .

count the probable pilot corrective action
on the flight contrals.

(1) At all speeds between Vuc and
Vo, the loads resuliing from engine
power failure due to fuel flow interrup-
tion shall ke considered as limit loads.

(2) At all speeds. between Vac and
Vo, the loads resulting from the discon-
nection of the engine compressor from
the turbine or from loss of the furbine
blades shall be considered as ultimate
loads. -

{3) The time history of the thrust
decay and drag build-up occurring as a

§ 4b.220

result of the prescribed engine faijlures
shall be substantiated by test or other
data applicable to the particular engine-
propeller combination.

{4) The timing and magnitude of the
prabable pilot corrective action shall be
conservatively estimated, considering
the characteristics of the particular
engine-propeller-airplane combination.

NoTe: It may be assumed that pllot correc-
tive action will be initiated at the time maxi-
mum yawlng velocity is attalned, but not
earlier than two seconds after the engine
failure, The magnitude of the corrective
actlon may be based on the control forces
specified in § 4b.220(a) (1), except that lower
forces may be assumed where it 1s shown by
analysls or test that such forces will be suffi-
cient to contrpl the yaw and roll resulting
from the prescribed engine fallure condi-
tions.

(e) QGuroscopic loads. The structure

supporting the engines shall be designed
for gyroscopic loads associated with the
conditions specified in §8§ 4b.213 through
4b.215 with the engines operating at
maximum continuous rpm.
{16 P. R. 3543, June 8, 1950, as amended by
Amdt, 4b-2, 20 F. R, 5305, July 28, 1955;
Amdt. 4b-3, 21 F.R. 981, Feb, 11, 1056; Amdt,
4b-6, 22 F.R. 5564, July 16, 1967; Amdt. 4b-11,
24 F.R, 7069, Sept. 1, 1959; Amdt. 4b-12, 27
F.R, 2000, Mar. 30, 1962]

§ 4b,217 Speed control devices.

When speed control devices (eg.,
spoilers, drag flaps, etc.) are incorporated
for use in en route conditions, the follow-
ing conditions shall apply:

{a) The airplane shall be designed for
the symmetrical maneuvers and gusts
preseribed in § 4b.211 and the yawing
maneuvers and lateral gusts in § 4b.215
with the device extended at all speeds up
to the placard device extended speed.

() When the speed control device in-
corporates automatic cperation or load
limiting features, the airplane shall be
designed for the maneuver and gust con-
ditions prescribed in paragraph (a) of
this section, at the speeds and corre-
sponding device positions which the
mechanism permits.

{Amdt. 4b-11, 24 P.R, 7069, Sept. 1, 1959]

CONTROL SURFACE AND SYSTEM LOADS
§ 4b.220 Conirol surface loads; general.

The control surfaces shall be deslgned
for the limit loads resulting from the
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§ 4b.221

fiight conditions prescribed in §3 4b.213
through 4b.215 and the ground gust con-
ditions prescribed in § 4b.226, taking into
account the provisions of paragraphs
(a) through (e) of this section.

(a) Effect of pilot eflort. (1) In the
control surface flight loading conditicns
the air loads on the movable surfaces
and the corresponding deflections need
not exceed those which could he cbtained
in flight by employing the maximum
pilot control forces specified in fig, 4b-5,
except that two-thirds of the maximum
values specified for the aileron and ele-
vajor shall be acceptable when control
surface hinge moments are based on re-
liable data. In applying this criterion,
proper consideratfon shall be given to
the effects of servo mechanisms, tabs,
and automatic pilot systems in assisting
the pilot.

(o) Efect of trim tabs. The effect of
trim tabs on the main control surface
design conditions need be taken into ac-
count only in cases where the surface
loads are limited by pilot effort in accord-
ance with the provisions of paragraph
(a) of this section. In such cases the
trim tabs shall be considered to be de-
flected in the direction which would as-
sist the pilot, and the deflection shall be
as follows:

(1> For elevator trim tabs the de-
flections shall be those required to trim
the airplane at any point within the
positive portion of the V-n diagram
(fig. 4b-2), except as limited by the
stops,

(2) For alleron and rudder trim tahs
the deflections shall be those required
to trim the airplane in the critical un-
symmetrical power and loading condi-
tions, with appropriate allowance fo
rigging tolerances. '
(¢} Unsymmetrical loads. Horlzontal
tail surfaces and the supporting struc-
ture shall be designed for unsymmetrical
loads arising from yawing and slip-
stream effects in combination with the
prescribed flight conditions.

NoTe: In the shsence of more ratlonal
data, the followlng assumptlons may be
made for airplanes which are conventlonal
in regard to location of propellers, wings,
tail surfaces, and fuselage shape: 100 per-
cent of the maximum loading from the
symmetrieal fiight couditions acting on the
surface on one side of the plane of symmetry
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and 80 perceunt of this loading on the other
side. Where the design {s not conventional
(e. g.. where the horizontal tail surfaces have
appreciable dihedral or are eupported by
the vertical tall suriaces), the surfaces and
supporting structures may be designed for
combined vertical and horizontal surface
loads resulting from the prescribed
maneuvers.

(d) Outboard fins. (1) When oute
board fins are carried on the horizontal
tail surface, the tall surfaces shall be
designed for the maximum horizontal
surface load in combination with the
corresponding loads induced on the ver-
tical surfaces by end plate effects. Such
induced effects need not be combined
with other vertical surface loads.

(2) To provide for unsymmetrical
loading when outboard fins extend above
and below the horizontal surface, the
critical vertical surface loading (load per
unit area) as determined by the provi-
slons of this section shall alsa be applied
as follows:

(1) 100 percent to the area of the ver-
tical surfaces above (or helow) the hor-
izontal surface, and

(il 80 percent to the area below (or
above) the horizontal surface.

(e) Loads parallel to hinge line. Con-
trol surfaces and supporting hinge
brackets shall be designed for inertia
loads acting parallel to the hinge line.

Nore: In lieu of & more rational analysis
the Inertia loads may be assumed to be
equal to K'W, where:

K=234 for vertical surfaces,

K =12 for horizontal surtaces,

W= welght of the movable surfaces.

[16 P, R. 8548, June 8, 1960, as amended by
Amdt, 4b-8, 17 P. R, 1089, Feb, 5, 1962]

§ 4b.22]1 Wing flaps.

Wing flaps and thelr supporting strue-
ture and operating mechanism shall be
designed for the critical loads resulting
from the conditions preseribed in
§ 4b.212, taking into account the loads
occeurring during fransition from one
flap position and airspeed to another,
[Amadt. 4b-12, 27 P.R, 2091, Mar, 30, 1962]

§ 4b.222 Tabs,

The following shall apply to tabs and
thelr installations:

(8) Trimming iabs. Trimming tabs
shall be designed to withstand loads
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arlsing from all likely combinations of
tab setting, primary control position,
and airplane speed, obtainable without
exceeding the flight load conditions pre~
seribed for the airplane as a whole, when
the effect of the tab is being opposed by
pilot effort loads up to those specified in
§ 4b.220 (a}).

() Balancing tabs. Balancing tabs
shall be designed for deflections con-
sistent with the primary control surface
loading conditions.

(¢) Servo tabs, Servo tabs shall be
designed for all deflections consistent
with the primary control surface loading
conditions achievable within the pilot
maneuvering effort (see §4b.220 (a))
with due regard to possible opposition
from the trim tabs.

[Amdt. 4b-6, 17 F. R. 1090, ¥eh. 5, 1852]

§ 4b.223 Special devices,

The loading for special devices em-
ploying aerodynamic surfaces, such as
slots and spoilers, shall be based on test
data.

§ 4b.224 Primary flight control systems.

Elevator, aileron, and rudder control
systems and their supporting structures
shall be designed for loads eorresponding
with 125 percent of the computed hinge
moments of the movable control surface
in the conditions prescribed in § 4bh.220,
subject to the following provisions:

ta) The system limit loads, except the
loads resulting from ground gusts
(§ 4b.226), need not exceed those which
can be produced by the pilot or pllots and
by automatic devices operating the con-
trols. Acceptable maximum and mini-
mum pilot loads for elevator, alleron, and
rudder controls are shown in figure 4h-5.
Thesz pilot loads shall be assumed to act
at the appropriate control grips or pads
in & manner simulating flight condi-
tions and to be reacted at the attach-
ment of the control system to the control
surface horn.

(b) The loads shall In any case he
sufficient to provide a rugged system for
service use, including considerations of
jamming, ground gusts, taxiing tail to
wind, control inertia, and friction.

§ 4b,225 Dual primary flight control
systems,

(a) When dual controls are provided,
the system shall be designed for the

§ 4b.227

pilots operating in opposition, using in-
dividual pilot loads equal to 75 percent
of those obtalned in accordance with
§ 4h.224, except that the individual pilot
loads shall not be less than the minimum
loads specified in figure 4b-5.

(b) The control system shall he de-
signied for the pilefs acting in conjunc-
tion, using individual pilot loads equsal
to 75 percent of those obtained in ac-
cordance with § 4b.224.

§ 41,226 Ground gust conditions.

The following conditions intended to
simulate the loadings on control surfaces
due to ground gusts and when taxiing
downwind shall be investigated;

{(a) The control system between the
stops nearest the surfaces and the cock-
pit controls shall be designed for loads
corresponding with the limit hinge mo-~
ments H of paragraph (b) of this sec-
tion, except that these loads need not
exceed those corresponding with the
maxima or figure 4b-5 for each pilot
alone, or with 75 percent of these max-
ima, for each pllot when the pilots act in
conjunction,

(b) The control system stops nearest
the surfaces, the control system locks,
and the portions of the systems, if any,
between such stops and locks and the
control surface horns shall be designed
for limit hinge moments H obtained from
the following formula:

H=KcSq,
where:

H=limit hinge moment (ft. 1bs.),

¢=mehn chord of the control surface aft

of the hinge line (ft.),

S=asarea of the control surface aft of the

hings line (sq. ft.},

g=dynamic pressure {p. s. {.) based on

8 deslgn speed not less than
10V W/5+10 (m. p. h.), except that
the deslgn speed need not exceed
80 m. p. h,,

KE={factor as specifled in Sgure 4b-4.

[15 F, K. 3543, June 8, 1960; 15 F. R. 4171,
June 29, 1850, as amended by Amdt, 4b-2,
20 F. R. 5305, July 26, 1956]

§ 4b.227 Secondary control systems.

Secondary conirols, such as wheel
brake, spoiler, and tab controls, shall be
designed for the loads based on the max-
imum which a pilot is likely to apply to
the control in question. The values of
figure 4b-6 are considered acceptable,
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visions of paragraph (a) of this section
shall be complied with. In addition, for
the landing conditions of §§4b.231
through 4h.234 the airplane shall be as-
sumed to be subjected to forces and
descent velocities prescribed in para-
graph (b) of this section. {(The basic

$ 4b.230 Tile 14-—Aeronautics and Space

Burlace l K ] Position of controls

v l 1
{a} Alleron.._... 0.75 | Controt columo locked ar
lashed In mid-position.

Eb; Aflerom...__. *+0.50 fxi}lcgslns at i’u}l t] row,
Nr ¢} Elevator lull down,
gd))}mevnmr“" &0.75 (?l}) I]glcdsénlr)r tull up.l
(3 a} Rudder in neutral,
Bprudder | ws (O R T e,

"A positive valug of £ (ndicates s moment tending to
depress the surface, while a negative value of K Indicates
& menent tending to ralse the surface, ’

FirtRE 4b-4—Limit hinge moment factor for
ground gusts, .

{Limtt pifot loads (one piiat)]

Control Mazimum load Milr:)i;:l{um

Aileron:

Stiok. o eeia. LUVD | S, 40 Ibs.

Wheel®. . . o...- 80 Din, Tbs.** .. 40 D In, ibs,
Elevator:

Btiek 250 4bs Lo 100 Ybs.

Wheel 30 Tha_. oeoa) 100 1hs,
Rudder. . 3001bs.. ... 130 1bs.

*The critieal portions of the aljeran control system ghall
he designed for »a singie tangential foree hoving a imit
value panal 1o 1,25 times the couple foree determined frem
these eriteria,

** imwheel dinmeter.

F16VRE 4b-5—Pllot control fores llmits (primary
cantrols) ./

Contro) Limit pilot leads

Miscellaneous: *Crank }—‘}fxsu iba., but not less than
wheel or lover, 3 §¢ Ibs. nor mora than
150 1bs. (R=radius).
(Applicable to any angle with-
in 20° of plane of control.)
TWish (o ocean 133 In. lbs.
Pusb-pull.________.__.. To be chosen by applicant.

*Limnited te Oap, inb, stabilizer, spoiler, and landing
gear operating coatrols.

FIGURE 4b—§—Pilet control foree limits (secondary
conirols)

{15 F. R. 3543, June 8, 1950; 15 F. R. 4171,
June 29, 1950]

GroUND LOADS

§ 4b.230  General. .

The limit loads obtained in the con-
ditions specified in §§ 4b.231 through
4b.236 shall be considered as external
forces applied to the airplane structure
and shall be placed in equilibrium by
linear and angular inerfia forces In &
rational or conservative manner. In
applying the specified eonditions the pro-

landing gear dimensional data are given
in figure ¢b-17.)

(a) Center of gravity positions. The
critical center of gravity positions within
the certification limits shall be selected
50 that the maximum design loads iz
each of the landing gear elements are
obtained in the landing and the ground
handling conditions.

(h) Load factors, descent velocities,
and design weights for landing condi-
tions. (1) In the landing conditions the
limi¢ vertical inertia load factors at the
center of gravity of the airplane shall be
chosen by the applicant, except that they
shall not be less than the values which
would be obtained in the attitude and
subject to the drag loads associated with
the particular landing condition, and
with the following limit descent veloci-
ties and weights:

() 10 f. p. 8. at the design landing
weight, and

(i) 6 £. p. 5. at the design take-off
weight.

(2) It shall be acceptable to assume
s wing 1ift not exceeding the airplane
weight to exist throughout the landing
impact and to act through the center
of gravity of the airplane.

(3) The provisions of subparagraphs
(1) and (2) of this paragraph shall be
predicated on conventional arrange-
ments of main and nose gears, or main
and tail gears, and on normal operating
techniques. It shall be acceptable to
modify the prescribed descent velocities
if it is shown that the airplane embodies
features of design which make it impos-
sible to develop these velocities, (See
§$40.332 {(a) for requirements on energy
absorption tests which determine the
minimum limit inertia load factors cor-
responding with the required Iimit de-
scent velocities.)

{15 F. R. 3543, June B, 1850, as amended by
Amdt. 4b-3, 21 F. R, 821, Feb. 11, 1946

[4n

‘Tai]l wheel type.
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Noss wheel typs.
Frouex 4b-7—Basic Ianding gear dimension data.



§ 4b.231

§ 45231 Level loading conditions.

(a) General. In the level attitude the
airplane shall be assumed to contact the
ground at forward velocity components
parallel to the ground ranging from Vi,
to 1.25 Vi, and shall be assumed {o be
subjected to the load factors prescribed
in § 4b.230 (b) (1) where Vi, is equal to
Vs, (TAS) at the appropriate landing
welght and in standard sea level condi-
tions and where Vi, Is equal to Vs, (TAS)
at the appropriate landing welght and
altitudes in 2 hot day temperature of
41° F. above standard. When approval of
landings downwind exceeding 10 mph
is sought, the effect of increased contact
speeds shall be investigated. 'The follow-
ing three combinations of vertical and
drag components shall be considered act-
ing at the axle center line:

(1) Condition of maximum wheel spin-
up load. Drag components simulating
the forces required to accelerate the
wheel rolling assembly up to the spec-
ified ground speed shall be combined
with the vertical ground reactions exist-
ing at the instant of peak drag loads. It
shall be acceptable to establish the coef-
ficient of friction hetween the tires and
the ground by considering the effects of
skidding velocity and tire pressure, ex=-
cept that it need not be greater than 0.8.
It shall be acceptable to apply this con-
dition only to the landing gear, directly
affected attaching structure, and large
mass ifems (.e. external fuel tanks,
nacelles, etc.),

(2) Condition of mazimum wheel ver-
tical load. An aft acting drag compo-
nent not less than 25 percent of the
maximum vertical ground reaction shall
be combined with the maximum ground
reactlon of §4b.230 (b).

(3) Condition of mazximum Sspring-
back load. Forward-scting horizontal
loads resulting from a rapid reduction of
the spin-up drag loads shall be combined
with the vertical ground reactions at the
Instant of the peak forward load. It
shall be acceptable to apply this condl-
tion only to the landing gear, directly
affected attaching structure, and large
mass items (i. e. external fuel tanks,
nacelles, etc.), '

(b) Level landing; tail-wheel type.
The airplane horizontal reference line
shall be assumed to be horizontal. The
conditions specified in paragraph (a)
of this section shall be investigated
(See fig, 4b-8.)
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(¢) Level landing; nose-wheel type.
The following airplane attitudes shall be
considered: (See fig, 4b-8.)

(1) Main wheels shall be assumed to
contact the ground with the nose wheel
Just clear of the ground. The conditions
specifled In paragraph (a) of this section
shall be investigated.

(2) Nose and main wheels shall be
assumed to contact the ground simul-
taneously. Conditions in this attitude
need not be investigated if this attitude
cannot reasonably be attained at the
specified descent and forward velocities.
The conditions specified in paragraph
(a) of this section shall be investigated,
except that in conditions (a) (1) and (a)
(3) it shall be acceptable to investigate
the nose and main gear separately neg-
lecting the pltching moments due to
wheel spin-up and spring-back loads,
while in condition (a) (2) the pitching
moment shall be assumed to be resist-
ed by the nose gear.

[15 F. R, 3543, June B, 1850, as amended by
Amdt. 4b-8, 18 F, R. 2214, Apr. 18, 1953;
Amdt. 4b-2, 20 F. R. 5308, July 26, 1955;
Amd$, 4b-3, 21 F.R. 891, Feb. 11, 1056; Amadt,
4b-11, 24 F.R. 7069, Sept. 1, 1659]

§ 4b.232 Tail-down landing cenditions.

In the conditions of paragraphs (a)
and (b) of this section the airplane
shall be assumed to contact the ground
at forward velocity components parallel
to the ground, ranging from Vi, to Vi,,
where Vi, and Vi, are as indicated In
§ 4b.231 (a). The load faciors pre-
scribed In § 4b.230 (b) (1) shall apply.
The combination of vertical and drag
components specified In § 4b.231 () (1)
and (3} shall be considered acting at the
main wheel axle ¢enterline.

(a) Tail-wheel type. The main and
tail wheels shall be assumed to contact
the ground simultaheously. (See fig.
4b~-9.) Two conditions of ground reac-
tion on the tail wheel shall be assumed
to act In the following directions:

(1) Vertical,

(2) Up and aft through the axle at
45° to the ground line.

(b) Nose-wheel type. The airplane
shall be assumed to be at an attitude cor-
responding with either the stalling angle
or the maximum angle permitting clear-
ance with the ground by all parts of the
airplane other than the main wheels,
whichever is the lesser, (See fig. 4b-9.)
[16 F. R. 3543, June 8, 1950, as amended by
Amdt. 4b-8, 21 F, R. 091, Feb, 11, 1958]
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§ 4b.233

§ 4h.233 One-wheel landing condition.

The main landing gear on one side
of 'the airplane center line shall be as-
sumed to contact the ground in the level
gttitude. (See fig. 4b~10.) The ground

W

|
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reactions on this side shall be the same
as those obtained In §4b.231 (a) (2).
The unbalanced external loads shall he
reacted by inertia of the airplane in a
rational or conservative marnner,

THE AJRPLANE INERTIA LOADS REQUIRED
YO BALANGE THE EXTERNAL FORGES

SINGLE WHEEL LOAD
FROM 2 WHEEL LEVEL

LANDING CONDITION.

NOSE OR TAIL WHEEL TYPE
FIGURE 4b-10—O0ne wieel landing.

§ 41,234 Lateral drift landing condition.

(a) The airplane shall be assumed
to be in the level attltude with only the
main wheels contacting the ground.
(Bee fig. 4b-11.)

(b) Side toads of 0.8/ of the vertical
reaction (on one side) acting inward
and 0.6 of the vertical reaction (on the
cther side) acting outward shall be com-
bined with one-half of the maximum

Wr,

2

vertical ground reactions obtalned in the
level landing conditions. These loads
shall be assumed to be applied at the
ground contact polnt and to be resisted
by the inertia of the airplane. It shall
bc acceptable to assume the drag loads
to be zero.

115 P. R. 3543, June 8, 1950; 16 F. R. 4171,
June 28, 1950 ss amended by Amds. 45-6,
23 F.R. 5564, July 16, 1967]

Va:=one-half the maximum vertical ground
reaction obtalned at each main gear in the
level landing conditlons.

* HOSE GEAR GROUND REAGTION =0

NOSE OR TAIL WMEEL TYPE AIRPLANE IN LEVEL ALTITUDE
PIGURE 4b-1l—Lateral drit landing.
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§4h.234a Rebound lunding condition.

The landing gear and its supporting
structure shall be investigated for the
loads occurring during rebound of the
girplane from the landing surface. With
the landing gear fully extended and not
in contact with the ground, a load fac-
tor of 20.0 shall act on the unsprung
weights of the landing gear. This load
factor shall act in the direction of motion
of the unsprung weights as they reach
their limiting positions in extending with
relation to the sprung vortions of the
landing gear,

[Amdt. 4¢b-3, 21 F, R. 891, Feb. 11, 1956]

§ 4b.235 Ground handling conditions.

The landing gear and airplane strue-
ture shall be investigated for the condi-
tions of this section with the airplane at
the design take-off weight, unless other-
wise prescribed. No wing iift shall be
considered. 1Ii shall be acceptable to
assume the shock absorbers and tires to
be deflected to their static position. In
the conditions of paragraphs (b)) Q)
and (2) and (e)(3), it shall be accept-
able to use a drag reaction lower than
prescribed therein if it is substantiated
that an effective drag force of 0.8 times
the vertical reaction cantot be attained
under any likely loading condition.

a) Take-off run. The landing gear
and the airplane structure shall be as-
sumed to be subjected to loads not Jess
than those encountered under conditions
described in § 40,172

() Braked roll-—(1) Tail-wheel type.
The airplane shall be assumed to be in
the level attitude with all load on the
main wheels. The limit vertical load
factor shall be 1.2 for the airplane at the
design landing weight, and 1.0 for the
airplane at the design take-off weight.
A drag reaction equal to the vertical re-
action multiplied by a coefficient of frie-
tion of 0.8 shall he combined with the
vertical ground reaction and applied at

the ground contact point. (See fiz,
$h-12.1
(2) Nose-wheel tyve. The limit

vertical load factor shwall be 1.2 for the
airplane at the design landing weight,
and 1.0 for the airplane st the design
take-off weight, A drag reaction equal
to the veriical reaction multiplied by a
coefficient of friction of 0.8 shall be com-
bined with the vertical reaction and
epplied at the ground contact point of
each wheel] having brakes. The following
two airplane stiitudes shall be consid-
ered: (See fig. 4b-12.)

§ 4b,235

(1) The airplane shall be assumed to
be in the level attitude with all wheels
contacting the ground and the loads dis-
tributed between the main and nose
gear, Zero pitching acceleration shall be
assumed,

(1) The airplane shall be assumed to
be In the level attitude with only the
maln gear contacting the ground and
the pitching moment resisted by angular
acceleration.

(¢} Turning. The airplane in the
static position shail be assumed to exe-
cute a steady turn by nose gear steering
or by application of differential power
such that the limit load factors applied
at the center of gravity are 1.0 vertically
and 0.5 laterally. (See fig. 4b-13.) The
side ground reaction of each wheel shall
be 0.5 of the vertical reaction.

(d) Pivoling. The airslane shall be
assumed to pivot about one side of Lhe
main gear, the brakes on that side being
focked. The lmi{ vertical load factor
shall.be 1.0 and the coefiicient of friction
0.8. The airplane shall be assumed to
be in static equilibrium, the loads being
applied at the ground contact points.
(See fig. 4b-14.)

(e) Nose-wlheel yawing., (1) A verti-
cal load factor of 1.0 at the airplane cen-
ter of gravity and a side component at
the nose wheel ground contact equal to
0.8 of the vertical ground reaction at
that point shall be assumed.

(2} It shall be accepiable to apply
the conditions of this subparaegraph to
the design of only the nose gear, its
attaching structure, and the fuselage
structure. The airplane shall be asswmned
to be in static equilibrium with the loads
resulting from the application of the
brakes on one side of the main gear. The
vertical load factor at the center of gray-
ity shall be 1.6, The forward acting load
at the alrplane center of gravity shalil be
0.8 times the vertical load on ohe main
gear. The side and vertical loads at the
ground contact point on the nose gear
shall he those required for static equilib-
rium. The side load factor at the alr-
plane center of gravity shall be assumed
to be zero, Where this condition re-
sults In a nose gear side load in excess
of 0.8 times the vertical nose gear load,
it shall be acceptable to limit the design
nose gear side load to 0.8 times the vertl-
cal load with the unbalanced yawing
moments assumed to be resisted by alr-
craft inertia forces.
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§ 4b.236

limit loads shall be equal either to 0.55 -

times the vertical load at each wheel ar
to the load developed by 1.2 times the
nominal maximum static brake torque,
whichever is the lesser. For nosewheel
types, the pitching moment shall he
balanced by rotational inertia. For tail-
wheel types, the resultant of the ground
reactions shall pass through the center
of gravity of the airplane.

(h) Towing loads. Towing loads shall

be those specified in Figure 4b-26, con-
gidering each condition separately,
These loads shall be appiied ab the tow-
ing fittings and shall act parallel to the
ground. A vertical load factor equal to
1.0 shall be considered.acting at the cen-
ter of gravity, The shock struts and
tires shall be in their static positions.
The towing load, Frow, shall be defined
as equal to 0.3Wr for Wr less than
30,000 pounds, equal to w for
Wr between 30,000 and 100,000 pounds
and equal to 0.15Wr for Wr over 100,000
pounds, where Wr is the design maxl-
mum take-off weight. For towing points
not on the landing gear but located near
the plane of symmetry of the airplane,
the drag and side tow load components
specified for the suxiligry gear shall ap-
ply. For tow points located outboard of
the main gear, the drag and side tow
load components specified for the main
gear shall apply. In cases where the
specified angle of swivel cannot he oh-
tained, the maximum obtainable angle
shall be used.
[15 F. R. 8543, June 8, 1960; 15 F. R. 4171,
June 29, 1850, as amended by Amadt. 4b-3, 21
F.R. 892, Feb. 11, 1856: Amdt. 4b—6, 22 F.R,
5564, July 16, 1957; Amdt. 4b-11, 24 F.R. 7069,
Bept. I, 1068; Amdt. 4b-12, 27 F.R., 2001,
Mar. 30, 1962]

§ 4b.236 Unsymmelrical loads on mul-
tiple-wheel units.

(a) General. Multiple-wheel landing
gear units shall be assumed to be sub-
jected to the limit ground loads pre-
sceribed in this subpart in accordance
with the provisions of paragraphs ()
and (¢) of this section. A tandem strut
gear arrangement skall be considered to
be a multiple-wheel unit.

{b) Distribution of Umit loads to
wheels; all tires infiated. The distribu-
tion of the limit loads among the wheels
of the landing gears shall be established
for all landing, taxiing, and ground han-
dling conditions, taking into account the
effects of the factors enumerated in sub-

Title 14—Aerondutics and Space

paragraphs (1) through (6) of this par-
agraph.

(1) Number of wheels and their physi-
cal arrangement. In fhe case of truck
type landing gear units, the effects of
any see-saw motion of the truck during
the landing impact shall be considered in
determining the maximum design loads
for the fore and aft wheel pairs,

(27 Differentials in tire diameters re-
sulting from a combination of manufac-
turing tolerances, tire growth, and tire
wear. It shail be acceptable to assume a
maximum  tire-diameter differential
egual to 24 .of the worst combination of
diameter varlations which is obtained
when taking into account manufactur-
ing tolerances, tire growth, and tire
wear.

(3) Unequal tire inflation pressure,
assuming the maximum variation to be
=5 percent of the nominal tire inflation
pressure,

(4) A runway crown of zero and a
runway crown having & convex upward
shape which may be approximated by a
slope of 1% percent with the horizontal.
Runway crown effects shall be considered
with the nose gear unit on either slope of
the crown.

(5) Airplane attitude,

(6) Structural deflections.

{¢) Defiated tires. The effect of de-
flated tires on the structure shall be con-
sidered with respect to the loading con-
ditions specified in subparagraphs (1),
{2), and (3) of this paragraph taking
into account the physical arrangement
of the gear components. Consideration
shall be given to the deflation of any one
tire for all multiple wheel landing gear
units and, in addition, to the deflation
of any 2 critical tires for landing pear
units employing 4 or more wheels per
unit. The ground reactions shall be
applied to the wheels with inflated tires,
except that for multiple-wheel gear units
incorporating more than one shock strut,
it shall be permissible to use & rational
dis{ribution of the ground reactions be-
tween the deflated and inflated tires,
taking into account the differences in
shock strut extensions resulting from a
deflated tire.

(1) Landing conditions. For one de-
flated tire and for two deflated tires, the
applied Ioad to each gear unit shall be
assumed to be 60 percent and 50 percent,
respectively, of the limit load applied to
each gear for each of the prescribed
landing conditions except that, for the
drift landing condition of §4b.234, 100
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percent of the vertical load shall be
applied.

(2) Taxiing and ground handling con-
ditions. For one deflated tire and for
two deflated tires, the applied side and/or
drag load factor at the center of gravity
shall be the most eritical value up to 50
percent and 40 percent, respectively, of
the limit side and/or drag load factors
ecorresponding with the most severe con-
dition resulting from consideration of
the prescribed taxiing and ground han-
dling conditions except that, for the
braked roll conditions of § 4,235 (b} (D
and (2) (i), the drag loads on each in-

flated tire shall not be less than those

at each tire for the symmetrical load
distribution with no deflated tires. For
one and two deflated tires the vertical
load factor at the center of gravity shall
be 60 percent and 50 percent, respec-
tively, of the factor with no deflated tires
except that it shall not be less than 1 g.
Pivoting need not be considered.

(3) Towing conditions. For one de-
flated tire and for two deflated tires, the
towing load, Frow, shall be 60 percent
and 50 percent, respectively, of the load
prescribed.

Note: In determining the total load on a
gear unit with respect to the provisicns of
paragraphs (b) and (¢) of this section, the
transverse shift in the losd centroid, due to
unsymmetrical lead distribution on the
wheels, 1s normally neglected.

[Amdt. 4b-8, 22 F.R. 5664, July 18, 1957, as
amended by Amdt. 4b-8, 23 F.R. 2580, Apr.
19, 1958; Amdt. 4¢b-11, 24 F.R, 7069, Sept. 1,
1059]

WaTER LoADS
§4b.250 General.

The structure of hull and float type
seaplanes shall be designed for water
loads developed during take-off and
landing with the seaplane In any atti-

tude likely to oceur in normal operation -

at appropriate forward and sinking ve-
locities under the most severe sea condi-
tions likely to be encountered. Unless a
more rational analysis of the water loads
requirements of
§§ 4b.251 through 4b.258 shall apply,
[Amdt. 406, 17 P, R. 1090, Feb, 5, 1963]

§ 4b.250-1 Water loads; alternate
standards (FAA policies which apply
w &8 4b.10 and 4b.2590).

ANC-3 provides a level of safety equiv-
alent to, and may be applied in lieu of,
§ 4b.250.

{Supp. 16, 18 F. R. 1830, Febh. 16, 1951, as
amended by Supp. 20, 17 F. R. 10102, Nov, 7,
1952] :

§ 4b.253

§ 4h.251 Design weights and center of
gravity positions,

(a) Design weights., The water load
requirements shall be complied with at
all operating weights up to the design
landing weight except that for the take-
off condition prescribed in § 4b.255 the
design take-off weight shall be used.

(h) Center of gravity positions. The
critical center of gravity positions within
the limits  for which certification is
sought shall be considered to obtain
maximum design loads for each part of
the seaplane structure,

[Amdt. 4b-6, 17 F. R. 1090, Feb. 5, 18562]

§ 4b.252 Application of loads,

(a) The seaplane as a whole shall be
assumed to be subjected to the loads cor-
responding with the load factors specified
in §4b.253, except as otherwise pre-
scribed. In applying the loads resulting
from the load factors prescribed in
§ 4b.253, it shall be permissible to dis-
tribute the loads over the hull bottom
in order to avoid excessive local shear
loads and bending moments at the lo-
cation of water load application, using
pressures not less than those prescribed
in § 4b.256 (b).

(h) For twin float seaplanes, each
float shall be {reated as an equivalent
hull on a flctitious seaplane having a
weight equal to one-half the weight of
the twin float seaplane.

() Except in the take-off condition
of § 4b.255, the aerodynamic lift on the
seaplane during the impaect shall be as-
sumed to be 24 of the welght of the
seaplane,

[Amdt. 4b-8, 17 F. R. 1090, Feb. b, 1953]

§ 4b.253 Hull and main float Ioad fac.

lors.

Water reaction Joad factors shall be
computed as follows:
For the step landing case:
= cl LN
mnzstwlja'
For the bow and stern landing cases:
Ry = ““———CIV%I X “KI H
tan2/3gWiss > (14r)ze/s*
where:
Ny =Water reaction load factor (water re-
actlon divided by the seaplane weight);
C)=empirical seaplane operatlons factor
equal to 0.009, except that this factor shall
not be less than that necessary to obtaln

;1;3 minimum value of step load factor of

iy
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§ 4b.254

V,o-_-aeaplana stalling speed (mph) with
landing flaps extended In the appropriate
position and with no slipstream effect;

=angle of dead rise at the longitudinal
statlon at which the load lactor'ls belng de-
termined (see fig. ¢b-1b6a);

W =seaplane design landing welght In
pounds;

K,=empirical hull station weighing fac-
tor. (See fig. 4b-16b.) For a twin float
seaplane, in recognition of the effect of Aexi-
bllity of the attachment of the foats to the
seaplane, it shall be acceptable to reduce the
factor K, at the bow and stern to 0.8 of the
value shown In flgure 4b~16b. This reduc-
tion shall not apply to the float design but
only to the design of the carry-through and
geaplane structure;

re=ratlo of distance, Measured parallel to
hull reference axis, from the center of gravity
of the seaplane to the hull longltudinal
station at which the load factor is being
computed to the radius of gyration in pitch
of the seaplane, the hull reference axls be-
ing a stralght lne, in the plane of sym-
metry, tangential to the keel at the main
step.

[Amdt. 4b-€, 17 F.R, 1090, Feb. 5, 1952}

§ 4b.254 Hull and main fleal landing
conditions. ‘

(a) Symmetrical step landing. The
limit water reaction load factor shall be
in accordance with §4b.253. The re-
sultant water load shall be applied at
the keel through the center of gravity
perpendicularly to the keel line. "~ -

(b) Symmetrical bow landing. The
limit water reaction load factor shall be
in accordance with § 4b.253. The re-
sultant water load shall be applied at the
kee) Y% of the longitudinal distance from
the bow to the step, and shall be directed
perpendicularly to the keel line.

(¢c) Symmetrical stern lgnding. The
limit water reaction load factor shall he
in accordance with §4b.253. The re-
sultant water load shall be applied at
the keel at a point 85 percent of the lon-
gitudinal distance from the step to the
stern post, and shall be directed perpen-
dicularly to the keel line.

(d) Unsymmetrical landing; hull type
and single float seaplanes. Unsymmetri-
cal step, bow, and stern landing condi-
tions shall be investigated. The loading
for each condition shall consist of an
upward component and a side compo-
nent equal, respectively, to 0.75 and (.25
tan g times the resultant load in the
-corresponding symmetrical landing con-
-dition. (See paragraphs (al, (b}, and
(¢) of this section.) The point of ap-
‘plication and direction of the upward
womponent of the load shall be the same

Title 14—Aeronautics and Space

as that in the symmetrical condition,
and the point of application of the
side component shall be at the same
longitudina] station as the upward com-
ponent but directed inward perpendicu=
larly to the plane of symmetry at a point
midway between the keel and chine
lines.

(e) Unsymmetrical landing: twin
float seeplanes. The unsymmetrical
loading shall consist of an upward load
at the step of each float of 0.75 and a
side load of 0.25 tan g at one float times
the step landing load obtained in accord-
ance with § 4b.253. 'The side load shall
be directed inboard perpendicularly to
the plane of symumetry midway between
the keel and chine lines of the float at
the same longitudinal station as the up-
ward load.

[Amdt. 4b-8, 17 F, R. 1091, Feb, 5, 1952]

§4b.255 Hull and main float take-off-

condition.

The provisions of this section shall
apply to the design of the wing and its
attachment to the hull or main float.
The aerodynamic wing lift shall be as-
sumed to be zero. A downward lnertia
load shall be applied and shall corre-
spond with the following load factor:

== Cro V': .

o "Stmywia’
where:
n= inertia load factor;

Crg= emplrical seaplane operatlons facter
equsl to 0.003;

V,1= seaplane stalling speed {mph) at the
deslgn take-off welght with the
fiaps extended in the appropriate
take-off posltion;

= angle of dead rise at the main step
{degrees);

W= seaplane deslgn take-off weight in

nounds.

{Amdt. 4b-8, 17 F. R. 1091, Feb. 5, 1862]

§ 4h.256 Hull and mazin float hettom
pressures,

The provisions of this section shall
apply to the design of the hull and main
float structure, including frames and
bulkheads, stringers, and bottom plating,
In the absence of more rational data,
the pressures and distributions shall be
as follows:

(a} Local pressures. The following
pressure distributions are applicable for
the design of the bottom plating and
stringers and their attachments {o the
supporting structure. The area over
which these pressures are applied shall
be such as to simulate pressures occur-
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ring during high localized impacts on the
hull or float, and need not extend over
an area which would induce critical
stresses in the frames or in the overall
structure:

(1) Unflared bottom. The pressure at
the keel (psi) shall be computed as
follows: K, v,

P*‘:c’—__tang;c H

Unflared Bottom

§ 4b.256
where:
Py = presstire at the keel
C',: 0.0016;
Eg= hull station welghing factor (ses fig.

4b-16b);

V,lzseaplane stalllng speed (mph) at the
design take-off welght with flaps
extended in the appropriate take-
off position;

se= angle of dead rise at keel (see fg.
4b~16a).
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F1GURE 4b-15a—Pictorial definition of sngles, dimensions, and directions on & geaplane.
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The pressure at the chine shall be 0.75
Pk, and the pressures hetween the keel
and chine shall vary linearly. (See fig.
4b-15c.>
(2) Flared bottom., The pressure dis-
tribution for a flared bottom shall be
that for an unfiared bpottom prescribed
in subparagraph (i) of this paragraph,
except that the pressure at the chine
shall be computed as follows:
P =C B Vs,
©A="3 En 8’

where:

P.p= pressure at the chineg;

C3=10.0012;

Kg= hull station weighing factor (see fig.
4b-15b};

V,,=seaplane stalling speed (nmiph) at the
design take-off weight with flaps
extended In the appropriate take-
off position;

g= angie of dead rlse at appropriate
station.
cG

1.5

Io. 375

The pressure at the beginning of the
flare shall be the same as for an unflared
battom, and the pressure hetween the
chine and the beginning of the flare
shall vary linearly. {See fig. 4b-15¢.)

(b) Distributed pressures. The fol-
lowing distributed pressures are appli-
cable for the design of the frames, keel,
and chine structure. These pressures
shall be uniform and shall be applied
simultaneously over the entire hull or
main float bottom. The loads so ob-
tained shall be carried into the sidewall
structure of the hull proper, but need not
be transmitted in a fore and aft direc-
tion as shear and bending loads.

(1) Symmetrical. 'The symmetrical
pressures shall be conrputed as follows:
E, Vs |

P=
s tam g’

20

_r_'n

!

where:
P=pressure;

C,=0.078G, (for C, see §4b.253);

Ka=hull station welghing factor (see fig.
4b-15b);

V,ozseaplane stalling speed (mph) with
landing flaps extended in the ap-
propriate position and with no
slipstream effect;

g=angle of dead rise at appropriate
statlon.

(2) Unsymmetrical., The unsymmet-
rical pressure distribulion shall consist
of the pressures prescribed in subpara-
graph (1) of this paragraph on one side
of the hull or main float center line and
one-half of that pressure on the other
side of the hull or main float center line,
(See fig, 4b-15¢.)

{Amadat. 4b-8, 17 F. R. 1091, Feb. 5, 1852)
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§ 4b.257 Title 14—Aeronautics and Space
Load
Taw point Position
’ Magnitude Na Direction
1 | Forward, paralle) to drag axis,
MBI EeAT e e e 0.55 Frow per main 2 | Forward, at 30° to drag axis.
gear unit. 3| Afi, parallel $o drag axls.
4 [ Aft, at 30° to drag axls.
Swiveled forward. . -—.eve-. 10 Froweeaueecmmmenne g i?{ ward.
" Swiveled aft g E‘i’{ ward.
Aurxiliary gear... "
o 9 | Forward, (n piane of wheel,
Swiveled 46° from forward..| 0.5 Frowercoea-cocnr—. }n ﬁn’ In Sinjm o;[ wheal. -
o 1 prward, in piane of wheel,
Swiveled 45° from aft.. .| e { 12 ‘ Aft, o plane of wheel.

BALANCING FORCES

The side component of the towing lead at the maln gear
wheeo to which load is applied. '

1s reacted by a side f{orce at the static ground line ai tha

The towing loads at the suxlliary gear and the drag components of the towing loads at $he maln gear are reacted

15y each of the following ways:

a, Reaclion applied at the uxle of tho wheel to which load 3 applled, this reaction hiaviog a maximum value eqral

to the vertics! reaction.
b. The loads reacied by airplane inertia,

Alfrplane inertis is applied as requlred for equilibrinm.

FIGURE 4b-26—Towlng loads.

§ 4b.257 Auxiliary float loads.

Auxiliary floats, their attachments,
and supporting structure shall bhe de-
signed for the following conditions. In
the cases specified in paragraphs (a),
(b), (cJ, and (i) of this section it shall
be acceptable to distribute the prescribed
water loads over the float bottom to
avoid excessive local loads, using bottom
pressures not less than those prescribed
in paragraph (f) of this section.

(a) Step loading., The resultant
water load shall be applied in the plane
of symmeiry of the float at a polat
three-fourths of the distance from the
bow to the step and shall be perpendic-
ular to the keel. The resultant Lmit
load shall be computed as follows, excent
that the value of I need not exceed three
times the weight of the displaced water
when the float is ¢completely submerged:

— S V’u’ w2/3 .
T tanz/zg, (1+r7)jz/e
where!:
L= limit load;

C5=:0.004; -

V,O:-_ seaplane stalling speed (mph) with
landing flaps extended in the ap-
propriate position and with no
slipstream effect;

W = seaplane design landing welght In
pounds; :

BSs= angle of dead rise at & statlon 3 of
the distance from the how to the
step, hut need not he less than 15
degrees;

ry=ratlo of the lateral distance belween
the center of gravity and the plane
of symmetry of the float to the
radiug of gyration in roll.

(p) Bow loading. The resultant limit
load shall be applied in the plane of
symmetry of the float at 4 point one-
fourth of the distance from the bow to
the step and shall be perpendicular to
the tangent to the keel line at that point.
The magnitude of the resultant load
shall ke that specified in paragraph (8)
of this section.

(¢} Unsymmetrical step loading. The
resultant water load shall consist of a
component equal to 0.75 times the load
specified in paragraph () of this section
and a side component equal to 0.25 tan
g times the load specified in paragraph
(a) of this section. The slde load shali
be applied perpendicularly to the piane
of symmetry of the float at a point mid-
way between the keel and the chine.

(d) Unsymmetrical bow loading. The
resultant water load shall consist of &
component equal to 0.75 times the load

" specified in paragraph (b} of this section

and g side component equal to 0.25 tan
g times the load specified in paragraph
(b) of this section, The side load shall
be applied perpendicularly to the plane
of symmetry at a point midway between
the keel and the chine.

(e) Immersed float condition, The
resultant load shall be applled at the
centrold of the cross section of the float
al a point one-third of the distance from
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the bow to the step. The limit load com-

ponents shall be as follows:

vertical=p V'
afb=Cy" Va3 (XV, )3

sidezc,,%vz/s (KV,a)z

where:

= mass density of water;

g.—_- volume of float;

C.=coefficlent of drag force, equal to
0.10;

Cy= coeficient of side force, equal to
0.08;

X =10.8, except that lower values shall be
aceeptable if it is shown that the
floats are incapable of submerging
at a speed of 0.8 V; in notmal
operatfons;

V, o= seaplane stalling speed (mph} with
landing flaps extended In the ap-
propriate positlon and wlth no
slipstream effect.

(fy Float bottom pressures. The float
bottom pressures shall be established in
accordance with §4b.256 () and {(bj,
The angle of dead rise to be used in
determining the float bottom pressures
shall be as defined in paragraph (a) of
this section.

{Amdt. 4b-8, 1T F'. R, 1082, Feb. §, 1852]

§ 4b.258 Seawing loads.
Seawing design loads shall he based
on applicable test data.
EMERGENCY LANDING CONDITIONS

§ 4b.260 General.

The following requirements deal with
emergency conditions of landing on land
or water in which the safety of the
occupants shall be considered, although
it is accepted that parts of the airplane
may be damaged.

(a) The structure shall be designed .

to give every reasonable probability that
all of the occupants, if they make proper
use of the seats, belts, and other provi-
slons made in the design (see § 4h.358),

* will escape serious injury In the event of

& minor crash landing (with wheels up
if the airplane is equipped with retract-
able landing gear) in which the occu-
pants experience the following ultimate
inertin forces relative to the surround-
ing structure:

(1) Upward —--.. 2.0g
(2) Forward_._.. ¢ dg
(3) Sideward__.. 1.5g

(b)Y The use of a lesser value of the
downward inertia force specified in par-

(Downward-. 4.bg)

§ 4b.270

agraph (a) of this section shail be ac-
ceptable if it is shown that the airplane
structure can absorb the landing loads
corresponding with the design landing
weight and an ultimate descent velocity
of 5 f. p. s. without exceeding the value
chosen.

(¢) The inertia forces specifled in
paragraph (a) of this section shall be
applied to all items of mass which would
be apt to injure the passengers or crew
if such Items became logse in the event
of a minor crash landing, and the sup-
porting structure shall be designed to
restrain these items,

[15 F. R, 8543, June 8, 1960, as amended by
Amdt. 4b-6, 17 F. R. 1003, Feb. b, 1952]

§ 4b.261 Struciural ditching provisiona.

(Far structural strength considera-
tions of ditching provisions see § 4b.361
)

[Amdt. 4b-8, 18 F. R. 2214, Apr. 18, 1953]

Fatiauve EVALUATION

§ 4b.270 Fatigue evaluation of flight
structure.

The strength, detail design, and fabri-
cation of those portions of the airplane's
flight structure in which fatigue may
be critical shall be evaluated in accord-
ance with the provisions of either para-
graph (a) or (b)Y of this section.

(a) Fatigue strength. 'The structure
shall be shown by analysis and/or tests
to be capable of withstanding the re-
peated loads of variable magnitude ex-
pected in service. ‘The provisions of
subparagraphs (1) fthrough (3) of this
paragraph shall apply.

(1) Evaluation of fatigue shall in-
volve the following:

(1) Typical loading spectrum expected

- in service;

: {i1) Ydentification of principal struc-
tural elements and detail design points,
the fatigue failure of which could cause
catastrophic failure of the aircraft; and

(iii) An analysis and/or repeated load
tests of principal structural elements and
detail design points, identified in sub-
division (i} of this subparagraph;

Nore: Usually tests of princlpal structural
elements inslude major fittings, samples of
Jolnts, spar cap sirips, skin units, and other
representative sections of the flight
structure.

(2) It shall be acceptable to utilize the
service history of alrplanes of similar
structural design, taking due account of
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§ 4b.270-1

differences in operating conditions and
procedures,

(3) When circumstances require sub-
stantiation of the pressure cabin by fa-
tigue tests, the cabin or representative
portions of it shall be cycle-pressure’
tested, utilizing the normal operating
pressure together with the effects of ex-
ternal aerodynamic pressure combined
with the flight loads, It shall be accept-
able to represent the effects of flight
lasds by an increased cabin pressure, or
to omit the flight loads if they are shown
to have no significant effect upon fatigue.

(b) Fail safe strength. It shall be
shown by sanalysis and/or tests that
catastrophic failure or excessive struc-
tural deformation, which could adversely
affect the flight characteristics of the
airplane, are not probable after fatigue
failure or obvious partial failure of a
single vprincipal structural element.
After such failure, the remaining struc-
ture shall be capable of withstanding
static loads corresponding with the flight
loading condilion specified in subpara-
graphs (1) through (4) of this para-
graph. These loads shall be multiplied
by a factor of 1.15 unless the dynamic
effects of failure under static load are
otherwise taken into consideration. In
the case of a pressure cabin, the normal
operating pressures combined with the
expected external aerodynamic pressures
shall he applied simultaneously with the
flight loading conditions specified in this
paragraph.

(1) An ultimate. ma.neuver load fac-
tor of 2.0 at Vo.

(2) Gustloads as speciﬁed in §% 4b.211
(b) and 4b.215(h), except that these
gust loads shall be considered to  be
ultimate and the g’ust velocities shall be
as follows:

(1) At speed Vs, 49 fps from sea level
to 20,000 feet altitude, thereafter :de-
creasing linearly to 28 fps at 50, 000 ‘feet
altitude.

(it) At speed Ve, 33 fps from sea level:

to 20,000 feet altitude, thereafter de-
creasing linearly to 16.5 fps at 50,000
feet altitude..

(1ii) At speed Vb, 15 fps from sea level
to 20,000 feet altitude, thereafter de-
creasing linearly to 6 fps at 50 000 feet
altitude.

(3) Eighty percent of the limit loads
resulting from the conditions specified in
§4b.220 (¢). These loads shall be con-
sidered to be ultimate. ’

(4) Eighty percent of the limit ma--

neuvering loads resulting irom the con-
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ditions specified in § 4b.215 (a), except
that the load need not exceed 100 percent
of the critical load obtained in compli-
ance with the provisions of § 4b.215 (a)
using a pilot effort of 180 pounds, This
load shall be considered to be ultimate.
{Amdt. 4b-3, 21 F.R. 892, Feb. 11, 1956, as
gmended by Amdt, 4b-6, 22 F.R. 5564, July
16, 1957; Armdt. 4b-8, 23 F.R. 2590, Apr.
19, 1958; Amdt.-4b-12, 27 P.R, 2091, Mar. 30,
1962]

§ 4b.270-1 Flight structure for fatiguc
evaluation (FAA  interpretations
which apply to § 4b.270).

The term “flight structure” as applied
to fatigue evaluation is defined as those
portions of the airplane’s structure fail-
ure of which could result in catastrophic
failure of the aircraft and includes the
wings, fixed and movable control sur-
faces, fuselage, and their related primary
attachments.

{Supp. 38, 23 F. R. 8031, May 7, 1958]

§ 4b.270-2 Fatigue evaluation, general
(FAA policies which apply to
§ 4b.270).

The applicant should submit to the
FAA a8 report outlining the procedures
and the substantiating ansalyses and
tests he proposes to follow in showing
compliance with the fatigue evaluation
requirements of §4b.270. Typical pro-
cedures which may be used as guidance
in the fatigue evaluation of the struc-
tures are discussed in Appendix H® to
the Civil Aeronauties Manual 4b.

[Supp. 88, 23 F. R. 3081, May 7. 1968]

§ 4b.271 Fatigue evaluation of landing
gear.

. The strength, detail design, and fabri-
cation of those portions of the landing
gear and its attachment fittings in which
fatigue may be critical shall be evaluated
in accordance with the provisions of
either pa.ragraph (a) or (b) of this
section.

{(a) The fatlgue strength of the struc-
ture shall be evaluated and, when indi-
cated by such evaluation, inspection or
other procedures shall be established to
prevent catastrophic fatigue failure,
The evaluation shall include the loading
spectrum expected in service and the
identification and analysis or repeated
load testing of the principal structural
etements and detail design points where
catastrophic fatigue failure could occur.

"iNot filed for publica.tlon in the FEDERAL

- REGISTER.
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I{ shall be acceptable to utilize the service
history of airplanes of similar structural
design, taking due account of differences
in operating conditions and procedures.
(b) It shall be shown by analysis or
tests that catastrophic failure is not
probable after fatigue failure or obvious
pastial failure of a single principal struc-
tural element. After such failure the
remaining structure shall be capable of
withstanding static loads corresponding
with 80 percent of the limit loads result-
ing from the conditions prescribed in
§40.230. These static loads shall he
constdered ultimate loads.
[Amdt, 4b-12, 27 F.R. 20691, Mar. 30, 1862]

Subpart D—Design and Construction
GENERAL
§ 41) 300 Scope.

The airplane shall not incorporate de-
sign [eatures or details which experience
has shiown to be hazardous or unreliable,
The suitability of all questionable design
details or parts shall be established by
tests.

§ 4b.300~1 Turnbuckle safetying (FAA
policies which apply to § 4b.300).
The procedwre outlined in § 4b.320-2
should be followed in sa.fetying turn-
buckles.
[Supp. 25, 20 F. R. 2278, Apr. 8, 1956]

§ 4b.301 Materials.

The suitability and durability of all
materials used in the airplane structure
shall be established on the basis of ex-
perience or tests. All materinls used in
the airplane structure shall conform to
approved specifications which will insure
their having the strength and other
properties assumed in the desien data.

§ 4h.301-1 Acceptability of materials
(FAA policies which apply to

§ 4b.301).
(a) Materials conforming to estab-
lished industry or milltary specifications

-or to Technical Standard Orders issued

by the Administrator are acceptable for
use on transport category airplanes.
Where new or improved materials are
used or where the maierials are not cov-
ered by specifications sufficient informa-
tion and data should be submitted to the
Administrator to enable him to assess
the suitability of the material. In all
cases it is the responsibility of the appli-
cant to demonstrate the adequacy of the
materials employed.

[Supp. 25, 20 F. R. 2278, Apr. 8, 1955)

§ 4b.306

§ 45.302 Fabrication methods,

The methods of fabrication employed
in constructing the airplane structure
shall be such as to produce a consistently
sound structure. When a fabrication
process such as gluing, spot welding, or
heat treating requires close control to
attain this cbjective, the process shall be
performed in accordance with an ap-
proved process specification.

§ 4b.303 Standard fastenings.

All bolts, pins, screws, and rivets used
in the structure shall be of an approved
type., The use of an approved locking
device or method is required for all such
bolts, pins, and screws. Self-locking
nuts shall not be used on bolts which
are subject to rotation in operation.

§ 4h.304 Protection.

(a) All members of the structure shall
be suitably protected against deteriorg-
tion or loss of strength in service due to
weathering, corrosion, abrasion, or other
causes.

(b) Provision for ventilation and
drainage of all parts of the structure
shall be made where necessary tor pro-
tection.

(¢) In seaplanes, special precautions
shall be taken against corrosion from
salt water, particularly where parts made
from different metals are in close prox-
imity.

§ 4b.305 Inspection provisions.

Means shall be provided to permit the
close examination of those parts of the
airplane which require periodic inspee-
tion, sdjustment for proper allgnment
and functioning, and lubrication of mov-

ing parts,
" § 4b.306 Material strenglh properties

and design values,

(a) Material strength properties shall
be based on g sufficlent number of tests
of material conforming to specifications
to establish design values on a statistical
basls.

(b) The deslgn values shall be so
chosen that the probabllity of any
structure being understrength because
of material varlations is extremely re-
mote. The effects of temperature on
allowable stresses used for design in an
essential component or structure shail
be considered where thermal effects are
significant under normsl operating con-
ditions,
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§ 4.306-1

{¢) Values contained in MIL-HDBK-
5, MIL~-HDBK-17 Part I, ANC-17 Part
II, ANC-18, MIL-HDBEK-23 Part I, and
ANC-23 Part II shall be used unless
shown {0 be inapplicable in a particular
case,

NoTe: MIL~HDBX-~5, “Strength of Metal
Alrcraft Elements'; MIL-HDBK-17, “Plastics
for Flight Vehicles, Part I—Reinforced Plas-
tics"; ANC—17, “Plastics for Alreratt, Part 11—
Transparent Glazing Materials"; ANC-18,
“Design of Wood Alreraft Structures'; MIL—
EDBK-23, “Composite Construction Jor
Flight Vehicles, Part I—Fabrication Inspec-~
tion Durability and Repalr”; and ANC-23,
“Sandwich Construction for Afrcraft, Part
II—Material Properties and Design Criteria”,
are publighed by the Department of Defense
and the Federal Aviation Agency and may he
obtained from the Superintendent of Docu-
ments, Government Printing Office, Washing-
ton 25, D.C.

od) The strength, detall design, and
fabrication of the structure shall be
such as to minimize the probability of
disastrous Iatigue failure. <(See also
§ 40.270, )

Note: Points of stress concentration are
one of the main sources of fatigue falilure.

[16 P. R. 8543, June 8, 1850, a5 amended by
Amdt., 4b-68, 17 P, R, 1093, Feb. &, 1853;
Amdt. 4b-8, 18 F. R. 2214, Apr. 18, 1853;
Amdt, 45-3, 21 F.R. 992, Fel, 11, 1956; Amdt.
4b-12, 27 F.R. 2001, Mar. 30, 1962) -

§ 4b.306—~1 Material strength prbbertiés
(FAA policies which apply 1o
§ 4b.306(c)).

(a; In the case of structures where
the applied loads are eventually dis-
tributed through a single mermber within
an assembly, the failure of which would
result in the loss of the structural in-
tegrity of the component involved, the
guaranteed minimum design mechanical
properties (“A” values) listed in MIL~
HDBEK-5" should be used for design.

o MIL-HDBK-5 *“Strength of Metal Alre
craft Elemients” specifies “A” and “B” values
for allowable design properties, The “A™
vaiues are those which the materlal pro-
ducer has Indicated to be the minimum he
expects for the given material. The. only
values considered guaranteed values are the
tenstle ultlmate and tensile yield “A' values
which have been published by the material
produeer for the grain direction accepted for
commerclal guarantees, The “B" values rep-
resent design properties which the materials
producers have indicated will be met or ex-
ceeded hy 90 percent of the material supplied
by them. More detalled Information on the
derivation of related design mechanical prop-
erties can be obtained by referring te §3.1.1,
“Material Properties” of MIL-HDBE-5.
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() Redundant structures wherein
failure of individual elements would re-
sult in the applied load being safely
distributed to other load carrying mem-
bers, may be designed on the basis of the
“80 percent probability” (“B'" values).

(¢) When strength testing is emn-
ployed to establish design allowables,

~such as in the case of sheet-stiffener

cornpression tests, the test results should
be reduced through use of a materials
correction factar to values which would
be met by material having the design
allowable material properties for the
part under consideration. MIL-HDBEK-
5 outlines methods of accomplishing this
reduction hut these are by no means
considered as the only methods available,
(d) Use of design values greater than
the guaranteed minimums is permissible
in applications where only guaranteed
minimum values are normally permitted
provided that the higher values are sub-
stantiated by “premium selection” of
the material., These increased design
allowables will be acceptable providing
that a specimen or specimens of each
individual item are tested prior to its
use, to assure that the stremgth prop-
erties of the particular ltem will equal
ar exceed the properties to be used in
design. Such guality control should also
be exercised for the manufacture of
spare parts.
[Supp.-25, 20 F.R. 2278, Apr. 8, 1055, 25
amended by Amdt. 4b-12, 27 F.R., 2991,
Mar. 30, 1962]

§ 4b,307 Special faclors,

Where there is uncertainty concerning
the actual strength of a particular part
of the structure, or where the strength
is lixely to deteriorate In service prior
to normal replacement of the part, or
where the strength is subject to appre-
ciable variability due to unceriainties in
manufacturing processes and inspection
methods, the factor of safety prescribed
in § 4b.200 {(a) shall be multiplied by a
special factor of a value such as to make
the probability of the part being under-
strength from these causes extremely
remote. The following speclal factors
shall he used:

(a) Clasting factors. TFor strucfural
castings, the factor of safety prescribed
in §4b.200 shall be multiplied by the
casting factors specified in subpara-
graphs (1) and (2) of this paragraph.
The prescribed tests and inspections shall
be in addition to those necessary to es-
tablish foundry quality control. Cast-
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ings shall be inspected in accordance
with approved specifications.

(1> Each casting, the failure of which
would preclude continued safe flish¢ and
landing of the alrplane or which would
result in serious injury to occupants,
shall have a casting factor of at least
1.25 and shall receive 100 perceut inspec~
tion by visual, radiographic, and mag-
netic particle or penetrant inspection
methods or approved equivalent non-
destructive inspection methods. Where
such castings have s casting factor less
than 1.50, three sample castings shall be
static tested. The test castings shall
comply with the strength reguirements
of §4b.201 at an ultimate load cor-
responding with a casting factor of 1.25
and shall comply with the deformation
requirements at a load equal to 1.15 times
limit load.

NoTe: Examples of castlngs to which thils
subparagraph applles are: structural attach-
ment fittings; parts of flight control sys-
tems; control surface hinges and balance
welght attachiments; seat, berth, safety belt,
and fuel and oil tank supports and attach-
ments; cabin pressure valves,

(2) For structural castings other than
those specified in subparagraph (1) of
this paragraph, the casting factors and
inspections shall he in accordance with
the following table except that it shal)
be aceeptable to reduce the percentage
of castings inspected by nenvisual meth-
ods when an approved quality control
procedure {s established. For castings
procured to a specification which guar-
antees the mechanical properties of the
material in the castings and provides far
demonstration of these properties by test
of coupons cut from castings on a sam-
bling hasis, it shall be acceptable to use
a casting factor of 1.0. The inspection
requirements for such castings shall he
in accordance with those specified in the
following table for casting factors of
1.25 to 1.50, snd the testing require-
ments shall he in accordance with sub-
paragraph (1) of this paragraph.

Casting factor Inspections

20 or flreater .. _aao. 100 percent visual,
Less than 2.0 greater | 100 percent visual, and magnetlc
than 1.5, particle or penctrant or equiv-
alent nondestruciive inspecs
tlon methods,

1.25 40 160 o e 10 percent visual, magnetie
particle or penctrant, and
radlographic, = or  approved
equivalent nondestructive in-
speetion methods,

§ 4b.308

(3) Castings which are pressure tested
as parts of a hydraulic or other fiuid
system shall not be required to comply
with the provisions of this section unless
such castings support airplane struetural
loads.

{4} The casting factor need not ex-
ceed 1,25 with regard to bearing stresses
regardless of the method of inspection
employed. A casting factor need not be
employed with respect to the bearing
surface of a part if the bearing factor
used (sce paragraph (b} of this section)
s greater than the casting factor.

(b) Bearing factors. (1) Bearing fac-
tors shall be used of sufficient magni-
tude to provide for the effects of normal
relative motion between parts and in
joints with clearance (free fit) which are
subject to pounding or vibration. (Bear-
ing factor values for control surface
and system Joints are specified in
§§ 4b.313(a) and 4b.328(b).)

(2) A bearing factor need not be em-
ployed on a part if another special fac-
tor preseribed in this section is of greater
magnitude than the hearing factor.

(¢) Fitting factors. (1) A fitting fac-
tor of at least 1.15 shall be used on all
fittings the strength of which Is not
proven by limit and ultimate load tests
in which the actual stress conditions
are simulated in the fitting and the
surrounding structure, This factor shall
apply to all portions of the fitting, the
means of attachment, and the bearing
on the members joined.

(2) In the case of integral fittings the
part shall be treated as a ftting up to
the point where the section properties
become typical of the member,

(3) The fitting factor need not be
employed where a type of joint made in
accordance with approved practices is
based on comprehensive test data, e. g.,
continuous joints in metal plating,
welded joints, and scarf joints In wood.

4) A fitting factor need not be em-
ployed with respect to the bearing sur-
face of a part if the bearing factor used
(see paragraph () of this section) Is of
greater magnitude than the Aftting
factor.

{15 F.R. 35643, June 8, 1960, as amended by
Armdt, ¢b-12, 27 F.R. 2691, Mar. 30, 1962]

§ 4b,308 TFlutter, deformation, and vi.
bration

Compliance with the following provi-
sions shall be shown by such caleulations,
Tesonance fests, or other tests as are
found necessary by the Administrator.
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§ 4b,324-1

flicht with the engines on one side of
the plane of symmetry inoperative and
the remaining engines at take-off power.
For airplanes with flaps which are not
subjected to slipstream conditions, the
structure shall be designed for the loads
imposed when the wing flaps on one side
are carrying the most severe load oceur-
ring in the prescribed symmetrical con-
ditions and those on the other side are
carrying not more than 80 percent of
that load. H
[15 F. R. 8543, June 8, 1850, as amended by
Amdt. 4b-8, 17 P. R. 1093, Feb. '5, 1952;
Amdt. 40-3, 21 F, R. 092, Feb. 11, 1056} -

§ 4b.324-1 Procedure for demonstrating
wing flaps that are not intercon-
.nected (FAA policies which apply to

§ 4b.324(a)). \

If the wing flaps are not mechanically
interconnected, tests should be con-
ducted to simulate flap malfunction-
ing (to the extent of the flaps being
retracted on one side and extended on
the other) during take-offs, approaches,
and  landings to demonstrate that the
airplane 1s safe under these conditions,
[Supp. 24, 10 F. R. 4461, July 20, 1954]

§1b.325 Conirol system stops.

(a) All control systex/ns shall be pro-
vided with stops which positively lmit
the range of motion of the control
surfaces. : :

(b) Control system stops shall he so
located in the system that wear, slack-
ness, or take-up adjustments will not
affect adversely the control character-
istics of the airplane because of a change
in the range of surface travel. -

{¢) Control system stops shall be ca-
pable of withstanding the loads corre-
sponding with the design conditions for
the control system.

§I4b.326 Control system locks.

Provision shall be made to prevent
damage {o the control surfaces (includ-
ing tabs) and the control system which
might resulf from gusts striking the air-
blane while it is on the ground or water
(see also § 40.226). If a’'device provided
for this purpose, when engaged, prevents
normal operation of the control surfaces
by the pilot, it shall ‘comply with the
following provisions, - = ' %

(2)* The device shall either automat-
ieally disengage when the pilot operates
the primary flight controls in a normal
manner, or it shall limit the operation
of the airplane in such a manner that
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the pilot receives unmistakable warning
at-the start of take-off.

{(b) Means shall be provided to pre-
clude the possibility of the device be-
coming inadvertently engaged in flight,
[Amdt. 4b~8, 17 F. R. 1083, Feb. 5, 1852]

§ 4b.327 Static tests.

. Tests shall be conducted on control
systems to show compliance with limit
load requirements in accordance with the
following provisions.

(a) The direction of the test loads
shall be such as to produce the most
severe loading in the control system.

(b) The tests shall include all Aittings,
pulleys, and brackets used in attaching
the control system to the main structure.

{(c) Analyses or indlvidual lead tests
shall be conducted to demonstrate com-
pliance with the special factor require-
ments for control system joints sub-
jected to angular motion. (See §§ 4b.-
307 and 4b.329 (b).)

§ 4b.328 Operation tests.

An operation test shall be conducted
for each control system by operating the
controls from the pilot compartment
with the entire system loaded to corre-
spond with 80 percent of the limit load
specified for the control system. In this
test there shall be no jamming, excessive
friction, or excessive deflection,

§ 4b.329 * Control system details; gen-
eral.

All detalls of control systems shall
be designed and installed to prevent
Jamming, chafing, and interference
from cargo, passengers, and loose ob-
jects. Precautiopary means shall he
provided in the cockpit to prevent the
entry of foreign objects into places where
they would jam the control systems.
Provisions shail be made to prevent the
slapping of cables or tubes against other
parts of the alrplane. The following de-
tail requirements shall he applicable with
respect to cable systems and Joints.

{a) Cable systems. (1) Cahles, cable

fittings, turnbuckies, splices, and pulleys
shall be of an approved type.
©(2) Cables smaller than 4-inch di-
ameter shall not be used In the aileron,
elevator, or rudder systems.
" (3) The design of cable systems shall
be such that there will be no hazardous
change in cable tension throughout the
range of travel under operating condi-
tions and temperature variations.

¢4) Pulley types and sizes shall cor-
respond with the cables used.
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(5) All pulleys and sprockets shall he
provided with closely fitted guards to
prevent the cables and c¢hains being
displaced or fouled.

(6) Pulleys shall lie in the plane pass-
ing through the cable within such Hmits
that the cable does not rub against the
pulley flange.

(7) Fairleads shall be so installed that
they do not cause a change in cable
directlon of more than 3°.

(8) Clevis pins (excluding those not
subject to load or motion) retained only
by cotter pins shall not be used in the
contro! system,

(8) Turnbuckles attached to parts
having angular motion shall be installed
to prevent positively any binding
throughout the range of travel

(10> Provision for visual inspection
shall be made at all fairleads, pulleys,
terminals, and turnbuckles.

(b) Joints. 1 Control  system
Joints subjected to sngular meotion in

- push-pull systems, excepting ball and

roller bearing systems, shall incorporate
& special factor of not less than 3.33 with
respect to the ultimate bearing strength
of the softest material used as a bearing.
{2) It shall be acceptable to reduce
the factor specified In subparagraph (1)
of this paragraph to a value of 2.0 for
joints in eable control systems.
(3) The approved rating of ball and
roller bearings shall not be exceeded.
[16 F. R. 3543, June 8, 1950, a5 amended by
Amdt. 4b-8, 17 F. R. 1003, Feb. 5, 1952]

§ 4b.329-%

§ 45.329-1 Installation of turnbuckles
(FAA policies which apply to
§ 4b.329(a)).

Fork ends of turnbuckles should not
be attached directly to control sur-
face horns or to bellerank arms unless
8 Dositive means {(such as the use of
shackles, links, universal joints, spacer
bushings, hall bearings, ete.) is used to
prevent binding of turnbuckles relative
to the horns or bellcrank arms or unless
it can be shown that turnbuckles have
adequate strength assuming one end
fixed to the horn or arm and the design
cable loads pulling off the other end at
5° to the turnhbuckle axis. There should
be no interference between the horns or
bellecrank arms and the fork ends of
turnbuckles throughout the range of mo-
tion of the control surfaces.

[Supp. 25, 20 F, R. 2278, Apr. 8, 1965]

§ 4b.329-2 Safetying of turnbuckles
(FAA policies which apply to
§ 4b.329).

Section 4b.300 requires in part that
there be no design features or details
which experience has shown to be haz-
ardous or unreliable. Experience has
shown that the rellability of turnbuckles
should be insured by safetying with wire
a5 shown in figure 5. After safetying the
turnbuckle, no more than three threads
should be exposed on either side of the
turnbuckle barre] and the ends of each
safety wire should be securely fastened
by at least four wraps. A turnbuckle
safetying guide is given in table 1.
[Supp. 25, 20 F. R. 2278, Apr. 8, 1855]

TARLE I—TURNRUCKLE SAFETVING (RUIDE

Minimum breaking strength
{pounds)

Diameter
MIL-C-1511, MIL-W-5424,
Cable size (Inch) | steel {carbon) | steel (corrosion- T;E: of of Sf}my Materlal (snnealed condition)
flexible, pre- | resisting) flexi- P (& "g) \
formed ble, preformed &
7x7 7x19 7x7 Tx19
L LI . 480 Jueooee-. Single____. 0.040 | Copper, brass,galvanized or tinned

---.do .40

stuI()sl, s0l[i {ron, or monel.

0.

040 | Stalnless steel,

.040 | Copper, brass, galvanized or tinned
steel, soft iron, of monel,

%2 and greater. ooa.|e.ooooo. 2,800 | ... 2,400 |....do...._. 040 | Galvunized Ior tinned steel, soft
irgn, stainless steel, or menel.
542 and greater- oo |- oona. 2,800 |aiaeaaas 2,400 jo-..do._____ 051 | Copper, brass.
NOTES

1, The swaged and unswaged tumbudckle assemblies are covered by AN standard drawings,
2, Certain of the AN standard swaged terminal parts speelly a safety wira hole size of 6.047 tnch. Thls hole
be reamed suiTiclently to accornmodate the 0.040 and 0,051 dlameter wires, may
3. The double wrap procedure ziven in Navy Epecifieation PO-42A, Amendment No. 1, or the safelying procedurs
deseribed by Military Standard Drawing M833591 (ASG), may be used In llen of the method shown in fizare 5.

[Supp. 25, 20 F.R. 2278, Apr, 8, 1955, as amended by Amdt. 4b-12, 27 F.R. 2992, Mar, 30, 1952}
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1. Wire 1 g passed through the turpbuckle hole as shown, the twp wire ends are passed
through the right and left hand ends of the turnbuckle and are then bent back along the

barrel of the turnbuckle.

2. Wire 2 Is Installed and wrapped (these wraps are next to the ends of the turnbuckle).
3. The two loose ends of wire 1 are then wrapped.

FrgURE 5.

[Supp. 25, 30 F. R. 2278, Apr. B, 1953)

§ 4b.329-3 Approval of control system
componenls (FAA policies whl.ch ap-
ply to § 4h.329(a}].

The Administrator does not issue spe=
cific approvals as such for cables, cabh_a
fittings, turnbuckles, splices, pulleys, etc,,
for general use on aircraft, Approval is
limited to its use as part of a specific air-
plane design. Conformance with estab-
Iished industry or military specifications
or adequate substantiation of the manu-
facturer's own design, are the procedures
utilized in complying with the “approved
type” requirement.

[Supp. 26, 20 F. R, 2279, Apr. 8, 1966]

§ 4b.329-4 Cable terminals (FAA pol-
icies which apply to § 4b.329(a)).
The selection of cable terminal loca-
tions and their proximities should mini-
mize the possibility of interferences with
structure, fairleads, other terminals, efe.,
and the possibility of pairing wrong
cables during maintenance or overhaul.
[Supp. 25, 20 F. R. 2379, Apt. 8, 19556)

§ 4h.329-5 Bellerank and idler instalia-
tion (FAA policies which apply to

§ 4b,329(h)).
The design of such items as bellcrank
arms, tab drums, idlers, ete., should

minimize the possibility of inadvertent
installation In the reversed direction,
or, as an alternative, to preclude the
possibility of jamming or interference
that might result from such reversed
installation.

{8upp. 25, 20 F. R. 2278, Apr. §, 1955}

§ 4h.329-6 PBall and roller Dbearings
(FAA policies which apply 1o
§ 45b.329(h) (3)).

The “approved ratings” of ball and
roller bearings referred to are the rat-
ings established in MIL-HDBEK-5,
“Strength of Metal Aircraft Elements”.

[Supp. 256, 20 F.R. 2279, Apr. 8, 1955, as
amended by Amdt. 4b-12, 27 F.R. 2992, Mar.
30, 1962]

LaNDING GEAR
§ 41,330 General.

The requirements of §3 4b.331 through
4b.338 shall apply to the complete land-
ing gear.

§ 4b.331 Shock absorbers.

(a) The shock absorbing elements for
the main, nose, and tail wheel units shall
be substantiated by the tests specified in
§ 4b.332.

(b} The shock absorbing ahility of the
landing gear in taxiing shall be demon-

364

e an o, et e et i - o P b ey

Title 14—Aeronautics and 5Space

strated by the tests prescribed in
§ 4b.172,

§4b.332 Landing gear tesls.

The landing gear shall withstand the
following tests:

{a) Shock absorption tests. (1) It
shall be demonstrated by energy absorp-
tion tests that the limit load factors se-
ifected for design in accordance with
§4b.23¢ (b for take-off and landing
welghts, respectively, will not be ex-
ceeded.

(2) In adqition to the provisions of
subparagraph (1) of this paragraph, a
reserve of enevgy absorption shall be
demonstrated by 8 test simulating an
airplane descent velocity of 12 f. p. 5. at
design Janding weight, assuming wing lift
not greatcr than the airplane welght act-
ing during the landing impact. In this
test the landing gear shall not {faill.
(See paragraph (¢) of this section.}

(h) Limit drop tests. (1)} If compli~
ance with the limit landing conditions
specified in paragraph (a) (1) of this
section 1s demonstrated by free drop
tests, these shall be conducted on the
complete alrplane, or on units consisting
of wheel, tire, and shock absorber in their
proper relation. The free drop heights
gshall not be less than the foilowing:

(1) 18.7 inches for the design landing
welght conditions,

(i) 6.7 inches for the design take-off
weight conditions.

(2) If wing lift is simulated tn free
drop tests the landing egear shall be
dropped with an effective mass equal to:

W, =W h+{1 L)d);
h4-d
where:

W,=the eflective weight to be used ir the
drop test {lbs.),

h=specified free drop height (inches),

d=deflectlon under impact of the tire (at
the approved Inflation pressure)
plus the vertical component of the
axle travel relative to the drop
mass (inches},

W=, Ior main gear units (1bs.), equal
to the statlc welght on the par-
ticular unit with the airplane in
the lavel attitude (with the nose
wheel clear in the case 0! nose
wheel type sairplanes),

W =W, for tall gear units {1bs.), equal to
tne statle welght on the tail unit
with the airplane in the tall-down
attitude,

§ 4b.333

W =W, for nose wheel units (1bs.), equal
ta the vertical component of the
static reaction which would exist
at the nose wheel, assuming the
mass of the alrplane acting at the
center of gravity and eXerting a
force of 1.0g downward and 025g
forward,

L=the ratlo of the assumed wing iift
to the atrplane weight, not in ex-
cess of 1.0,

(3) The attitude in whicu a landing
gear unit is drop tested shall simulate
the airplane landing condition critical
for the umnit.

(4) The value of d used in the com-
putation of W. in subparagraph (2) of
this paragraph shall not exceed the value
actually obtained in the drop test.

(¢c) Reserve energy absorption drop
tests. (1) If compliance with the re-
serve energy absorption condition spee-
ified in paragraph (a) (2) of this section
s demounstrated by free drop tests, the
landing gear units shall be dropped from
a free drop helght of not less than 27
inches.

{2) If wing Mft equal t¢ the atrplane
weight is simulated, the units shall be
dropped with an effective mass equal to:

n
W,=%(53g):

where the symbols and other detalls are
the same as in parasgraph (b) of this
section,

[16 F. R. 3543, June 8, 1950; 15 P. R. 4171,
June 28, 1350, as amended by Amdt. 4b-3, 21
F. R. 992, Feb. 11, 1056]

§ 4b.333 Limit load factor determina-

tion.

(a) In determining the airplane in-
ertia limit load factor n from the free
drop tests specified in § 40,332, the fol-
lowing formula shall be used:

n,=the load factor during lmpact devel.
oped on the mase used in the drop
test (1. e, the acceleration du/d¢ in
g's recorded in the drop test plus
1.0). {See }4b.332 (b} (2) for ex-
planation of W,, W, and L).

(b) The value of n determined in
paragraph {(a) of this section shall not
be greater than the limit loag factor
used for the landing conditinns. {(See
§ 4b.230 (b))
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